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ABSTRACT 


The Transportation Problem of Linear Programming is applied to the 
empirical study of the Canadian Wheat Board delivery patterns for Canadian 
Western Red Spring Wheat from the Canadian Prairies to export positioning. 
The analysis is confined to the shipping costs from producing regions on 
the Canadian Prairie to the export terminals of Thunder Bay, Churchill, 
Vancouver and Prince Rupert. Transportation cost minimization as 
determined by the Crow's Nest Pass Freight Rates is the explicit criterion 
of evaluation. Three possible sources of suboptimality were 
investigated: the additional transportation costs associated with 
supporting a system of multiple grades of CWRS wheat; suboptimality 
arising from exclusive Canadian National and Canadian Pacific Railways 
heebpgh areas; and the additional Eeneceriavion costs associated with 
short term planning at the expense of long term efficiency. Although the 
actual delivery patterns show a large number of crosshauls, chesassocdated 
costs of this apparent inefficiency do not weigh heavily in the objective 
function. The optimal delivery patterns for one comprehensive grade 
reallocated a total of 4,568,226 tonnes of wheat to different 
destinations. ‘This tonnage represents 31% of the total tonnage handled, 
however, contributed a saving of only 1.86% of the total shipping bill. 
There is no incentive for the Canadian Wheat Board to operate efficiently 


because the additional transportation costs associated with inefficiency 
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are insignificant in terms of the findings. It can be concluded that the 
transportation tariff structure does not reflect a significant price 
differential between attractive shipping routes and more costly 
deliveries. The tariff structure does not appear to encourage efficient 
use of limited transport services. The dual solution has limited 
significance with respect to production patterns in the producing regions 
because the grade of wheat produced is governed by the uncontrollable 
variables of environment and weather. The producer always strives to 
produce the highest quality of wheat, however, is constrained by the 
impacts of environmental and climatic variables upon the ultimate grades 
harvested. The dual objective function indicates that the present 
transportation tariff structure favours increased handling capacity at 
Churchill. Churchili> however, as subject’ to serious constraints 
limiting its ability to increase handling capacity. Thunder Bay 
represents the second most attractive destination at which to increase 
demands. The favourable international ae differential for wheat at 
Vancouver outweighs the attactiveness of Thunder Bay based on the Crow 
Rate structure. The transportation cost matrix can be weighted to divert 
grain deliveries from congested ports such as Vancouver and from Churhcill 
which has its own unique constraints. The model does not consider 
international oceanic tEansportation! taritis, mor Specitic destination 
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1.0 INTRODUCTION 


Since the turn of the nineteenth century Canadian Western Red Spring 
(CWRS) wheat has served to set the international standard of quality for 
the most favourable milling wheats for bread flours. The Canadian wheat 
grading system evolved during the early decades of the twentieth century 
to meet the expectations of European millers and bakers who represented 
the predominant proportion of Canada's international wheat market. CWRS 
wheat remains the most important internationally traded grain in Canada 
accounting for approximately 80 per cent of grain traded during the 


LISO=19S crop year: 


The responsibility for the coordination and shipment of wheat and grains 
from the producing areas to export position lies with the Canadian Wheat 
Board (CWB), a crown corporation established in 1935. In this research 
the tranportation coordination efforts of the CWB are evaluated on the 
basis of the annual wheat delivery patterns from Prairie points from July 
1980 to June- 1981. Transportation cost minimization is the explicit 
criterion of evaluation. The transportation costs associated with the 
actual delivery patterns from producing regions to demanding ports are 
compared to the minimum cost solutions derived from the application of the 


Classical Transportation Problem of Linear Programming. 
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2 
The Transportation Problem is applied to the pattern of shipments observed 
overm the U080=40Sdericrop: }year.os .Théleanalysistiof@shippine patterns 
aggregated over time will demonstrate the additional transportation costs 
associated with the entire grain transportation system for the study 
period. The model assumes that the CWB has a complete knowledge of the 
availabilities of grain types throughout the Prairie region, allowing 
supplies to be drawn from the producing areas at any time to meet export 
contracts. This assumption allows the application of the economic man 
assumption of normative economics to the shipping problem, ignoring the 
constraints imposed by changing rail car availability, vessel arrivals, 
current elevator stocks and environmental conditions. Shipping schedules 
are organized weekly by the CWB to meet these changing circumstances. 
Consideration of these temporal constraints is expected to lead to 
moderately efficient shipping patterns required to meet the immediate 
export demand requirements. When the a erneees of deliveries occurs on a 
weekly basis, the shipping patterns become responsive to the current 
inventories of railcars and grain at hand at country elevators as these 
constraints become increasingly dominant in determining efficient 


shipping schedules required to meet vessel arrivals. 


The existing procedures of the CWB do not forecast or anticipate demands 
on terminal elevator stocks, country elevator BLOCKS iecanicans 
availability and delivery requirements for more than one week at a time in 
the six week Block Shipping planning cycle. The fact that each week is 


treated as a separate planning problem yields short term suboptimality at 
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the expense of long term efficiency. Recommendations have been made to 
emphasize stheglomg term goals (Booz, Allen and Hamilton, IX-15) in order 
to increase the Wheat Board's effectiveness in meeting delivery 
requirements. The cost of meeting these temporal constraints on a weekly 
basis can be measured by determining the optimal delivery patterns over 
the course of the crop year required to meet the annual export demands but 


confounded with pure shipment inefficiency. 


The delivery patterns provided by the Canadian Grain Commission (CGC) 
specify the annual export contract demands that must be met. The fact 
that availabilities vary over the year depending upon country elevator 
price, tax deferral programmes, “environmental conditions, producer 
delivery preferences and elevator capacity leads to major constraints in 
determining shipping schedules. In order to.evaluate the cost of these 
constraints in meeting the EG oti export demands, the overall 
volumes to be delivered should be utilized to assess the efficiency of the 
actual shipping schedules. It is therefore the objective of this study to 
determine the total additional shipping costs incurred by meeting the 
constraints imposed by changing rail car availability, vessel nomination, 
current elevator stocks and environmental conditions. The additional 
shipping costs particularly associated with grade multipicity will be 
addressed specifically by reorganizing grades, sub-grades, and protein 
segregations into alternative grading schemes. The Crow Rates governing 
the transport tariff structure are defined by federal statute for the 


grain producing areas of Western Canada. The Crow Rates will be used to 
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4 
define transport cost minimization serving as the basis for the optimality 


analyses performed. 


The underlying assumptions behind the CWB's railcar allocation decisions 
are not explicitly defined. Generally, weekly patterns emerge which seek 
to minimize the transportation costs associated with each of the required 
deliversessfe Nevertheless; itheresdis no cextain hob jiectivesto whichrthe 
Board strives, nor any quantitative measurement available to assess the 
extent, to which 10 is achieved or to what extent other objectives have 
been compromised (Booz, Allen and Hamilton, 1979, p.179). It is expected 
that suboptimality will be revealed by the analyses. Suboptimality can 


AaGisecmr toned ts leasizs parecersourees- 


1. The Canadian National (CN) and the Canadian Pacific (CP) Railways each 
operate exclusive railroad service systems. This exclusiveness is 
characterized by the fact that each country elevator-—station is 
serviced by one railway company. Loadings at CP country elevators are 
delivered to the CP terminal elevators of Vancouver and Thunder Bay 
where CP marshalling yards are located. Because CP facilities do not 
exist» at Prince Rupert or Churchill CP deliveries to these points are 
not permitted. Loadings from CN points can be delivered to any of the 
four terminal locations as they each have CN facilities. Therefore 
supplies of wheat at CP stations near Prince Rupert or Churchill must 
be shipped farther to Vancouver or Thunder Bay as the situation 


dictates. Asi*a resultpathe erestrictedinature wofttthet CNicandaicP 
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5 
unloading facilities, rail lines and country loading stations is 
expected to cause suboptimality. The optimal shipping patterns are 
determined for each transportation company by using its unique 
network structure. Optimal patterns are also determined for the 
combination of the two networks in order allow flows from CP origins 
tomdexclusive GeCN& destinations .7 Totaly shipping & optimizationems 
therefore permitted in the model to assess the additional transport 


costs associated with railway restrictions. 


As suggested by the Canadian Grains Council (1978) the relationship 
between the number of grades and the transportation of wheat may be 
indirect, but nevertheless important. Essentially, each grade 
represents an individual commodity which must be stored, transported 
and processed separately. As the number of grades increases, 
transportation coordination becomes oe difficult, perhaps leading 


tomnetiiedcency: 


ThewCanadiang:Grain Commission “estabidehesiethe tchanactenisticsssfoxr 
each grade annually. Producers support the concept of a large number 
of grades to maximize their opportunity to receive a higher return for 
a marginally superior product. The producer always strives to produce 
the highest quality of wheat, however, enivronmental and climatic 
variables ultimately dictate the grade harvested. It is, therefore, 
difficult to alter production patterns to minimize the total shipping 


bill. All grain is originally graded at country elevator stations and 
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is delivered by grade to specified terminal elevators. Misshipments 
occur when a different grade is delivered than that which was ordered. 
Tough and damp grains are not treated as specific grades during the 
delivery**proéess® andi sare substituted tfor! requests’ for) straight 
erades. © Onée other grdin arrives’ at the terminal! elevator, a’ inal 
grade and value is determined. The grain is then blended with other 
grain of varying grades to prepare a product to meet the precise 
specifications’ “of Weach ‘vessel — requirement. iis *htacteee lone 
undermines» the’ Fational’ of “the country grading system? Incorrect 
shipments and unnecessary long cross hauls may occur in order to meet 
the delivery requirements of specific grades because the location of 
the supplies requested must be determined on a weekly basis. As 
indicated, this information is not always available or accurately 


received from country loading stations. 


The optimal transportation costs will be defined for- one grade 
encompassing Salle "thelspecifieerades®’shapped® Sthis*will¥serves asa 
Veardstickn against) which» tod measdre = the transportatiom costs 
associated withe the tmaltipiticity® of eradés*and' "the Tetation Mor 
supplies in the system. The analysis will also be undertaken for a 
system free of CP and CN differentiation in order to assess the costs 


imposed by railway incompatibility in this context. 


The CWB treats each each week as a separate transportation problem 


that may compromise short term optimality in favour of long term 
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efficiency, dCountryinelevators stocksemre iintluenced by a weekly 
delivery quota system, reflecting the specifications of required 
supplies of grain by elevator station. Quotas are set weekly by 
grade, setting the total number of tonnes that can be delivered to 
country elevators by each producer. This policy provides a system of 
equity whereby each producer has the opportunity to deliver the 
required grains to country points when requested. Whereas the quota 
system sets the maximum deliveries to country elevators, these are not 
often met by the producers, leaving elevator stocks dependent upon the 
variables of price and producer delivery preferences, which may not 
meet the requirements expected to be on hand. The CWB depends upon a 
weekly mail information system to maintain country elevator stock 
inventory. Because the CWB cannot explicitly define or determine the 
supplies of grain available at country elevators, shipping schedules 
must be organized to load grain where it is known to be available. 
Incorrect shipping patterns may arise from the limitations inherent 
in the known schedules of demand for grains and supplies available to 
the CWB on a weekly basis. The Transportation Problem derives the 
optimal shipping patterns for the entire schedule of demands and 
supplies on an annual basis as this is the best indication of the 


supplies, both elevator and on-farm, that are available. 


The Classical Transportation Problem seeks the minimum cost delivery 
pattern of given supplies of a homogeneous commodity to demand 


destinations of a spatially organized system. The geographical 
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8 
implications of determining minimum transportation costs are of profound 
importance in overcoming the friction of distance and assessing the costs 
that spatially separate supply and demand points generate. This is 
especially critical in the agricultural industry where production occurs 
imsisparsely settled «regions serving concentrated points of demand: 
Reducing the costs of overcoming distance has important geographical 
implications for trade. Whereas the price of transportation directly 
agkectsiaivher finaly vedue tose thehcomnodityw if is. alSos critical eo 
efficiently utilize the available supplies of shipping services. Weekly, 
the CWB is assigned a precise number of railway cars and locomotives with 
which to coordinate the delivery of grains to terminals to meet domestic 
and international sales contracts. However, the allocated supplies of 
railcars usually represents a shortfall from those required. Therefore, 
the movement of the largest possible volumes of supplies each week is 
CHipmcais Jelhiswresearch Usiy impertantisinftinderstanding hheyspeatial 


efficiency of the Canadian wheat transportation system. 


For every cost minimization solution to the Classical Transportation 
Problem there is a corresponding maximization solution known as the dual 
solmidion®: The variables known as ui and vj represent the buying price of 
one unit of the commodity at the origin and the selling price of the 
commodity at the destination. The solution to the dual problem maximizes 
the. difference between the buying and selling prices. The difference is 
equal to the transportation costs. The dual variables provide a basis of 


economic interpretation of the primal problem whereby the relative 
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Savings or costs incurred by alternative shipping schedules can be 
determined-jaiHighstvalnuesgroftui are \locatedhhatlisupply oregiions ‘havingwa 
favourable locational advantage as reflected by the lowest shipping 
charges to the nearest destination. Likewise, vj represents. the 
comparative advantage of the demand points competing for limited 
resources. Places with low values of vj are favourable locations at which 
to increase handling. Increased deliveries should occur from places with 
high values" of ui to places with low values of vjx The conventional 
application of the dual solution indicates supply regions that are best 
located for meeting demands as defined by the transport cost. Because the 
final grade produced is largely determined by environmental and climatic 
Variables, at is virtually ampossible to alter production patterns to 
decrease shipping “costs. ~=Ihe interpretation of the dual solution! as 
theretore limited with xespect to the preducing regions. The dual 
solution is important in this oat ai for identifying demand points 
that are attractive places at which to increase demand levels on the basis 


Opelbne resional Eransportauion Cost, structure. 


This investigation seeks to determine a quantitative measure whereby the 
Canadian Wheat Board can evaluate the railcar allocation programmes in the 
short run. This examination of shipping patterns does not address the 
€auses underlying the variables of railcar availability, vessel arrivals, 
elevator stocks and environmental conditions related to agricultural 
production. The goal of transportation cost minimization is the explicit 


criterion of evaluation as measured by the Crow Rate structure. The 
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10 
aggregation of grades of CWRS. wheat reflects the additional 
transportation costs associated with a high degree of structure and 
multiplicity in the grading system. The significance of the potential 
savings derived from the simplification of the grading structure is 
measured. The results are presented in order to contribute to the 
understanding of the transportation costs associated with the wheat 


grading and wheat export trade in Canada. 
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2 Oe WHEAT INDUSTRY OF CANADA 


ZaleeineatMPORTANCESOF GRAIN EXPORTS IN) GANADA 


The export of grain from Western Canada is vitally important to the entire 
Canadian economy. The grain industry supports approximately 160,000 
producers, Total Canadian production of all grains an the 1980-198i crop 
year, which includes barley, oats, rye, flaxseed and rapeseed, amounted to 
Soo million tonnes . Of Chis yield, 536, was wheat accountime for 19eL 
million tonnes. Canadian Western Red Spring Wheat, internationally 
renowned for its unsurpassed bread making qualities, accounted for 85.3% 
(lee Se milizon tonnes) of ‘the Canadian wheat production. In) 19s0-198) 
EnrOp year 96/2 Of UOWho wheat “crop (1432 million tonnes) was exported 


(Canadzane wheat) Board Annual (Report: (1960-1901) pp.  /jc9 (ine termsmor 


foreign trade in wheat, Canada ranks second as an exporter of wheat, 
COnreipbueing 18% of the anternatironally \twaded tonnage. The wheat trade 
thus contributes 3% to the total value of international trade in Canada. 
@®uly lumber and mineral products contributed to foreign revenue in larger 


Wee over the study period (Canada Yearbook 1980, p. 413). 


The importance of the grain trade has generated much interest in the 
industry.  Iransportation and “grain handling has been the subject of 
numerous studies seeking practical solutions to the problems of moving 


srain from farms to waiting vessels to meet sales contracts. Although a 
gr 
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12 
Wide variety of issues have been addressed by these investigations, a 
critical evaluation of the transportation coordination system of the CWB 
ies yetrictom bey undertaken in) Canada s pThise thesis evaluates: ithe 
coordination efforts of the CWB in moving CWRS wheat from country 
elevators to terminal port elevators and indicates the the transportation 
costsewiassociated) withestehe grades multipicaty .ofMthe «system. Phe 
transportation of CWRS wheat has been selected for analysis in light of 
Canada's unsurpassed international reputation and demand for high and 


consistent quality of hard red wheat. 


2.2 THE IMPORTANCE OF GRAIN GRADING 


The Canadian Western Red Spring wheat grading system has achieved the most 
distinguished reputation in international markets... This reputation is 
based upon the consistent adherence to established grading standards 
which evolved to meet the requirements and expectations of millers and 


bakers. 


Wheat; iisboucht dnwarwide| range of qualities reflecting grain variety and 
a combination of environmental Characreirus tues such as soak, 
fertilization and weather. Effective marketing of grain depends upon the 


known and consistent variation of quality within each grade in order for 
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the customer to effectively assess his requirements. 


The importance of dependable quality of hard spring wheats lies in ‘the 
milling and baking requirements. Improvements in milling methods have 
Deen weelargely “responsible for the fine “quality Jof bread) today, 
necessitating thew correspond ineiqproductiton Wott suitable! wheats semard 
wheats are noted for the physically hard wheat kernel, rich in protein. 
The desirability of protein for baking arises from its positive effect on 
loaf volume and texture. The gluten of protein makes the bread dough 
elastic enabling it to expand and hold bubbles of gas formed by the yeast. 
The value of protein in wheat is demonstrated by the premium paid for 


deliveries of protein wheat exceeding 13.5% in Canada (Canadian Grain 


Commission, Grain Statistics Weekly Crop year 1980/1981: Sist Week, “p. 


14). 


2.2.1 The Importance of Wheat Grading Factors 


During the nineteenth century, the wheat producing regions of Canada and 
the United States were well suited for the cultivation of hard wheats for 
the European milling technology developed in Hungary. Several quality 
criteria were established, the most important of which were colour, 


hardness, vitreousness and bushel weight. Later, in recognition of 
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14 
edditional quality “criteria, protein ‘quantity “and quality became 
important —ecrading “factors. Canada's original grading system was 
organized and extended to meet these specifications of European bread 


making technology. These criteria have endured over time. 


The grading system in Canada accommodates the flour miller who seeks a 
sound, clean kernel with relatively low moisture, and uniform shape which 
mills =high yields Veastly whem properly conditionede #aMhembakexmis “also 
accommodated by this grading system which will produce flour having a high 
level of water absorption, relatively short mixing time and capable of 
producing bread of good quality, consistent in volume and texture. These 
properties should be kept uniform by the producers’ grading system over 


time. 


The wheat kernel is ovoid in shape, rounded at both ends as shown on 
Figure 1 on page ich The germ is prominant at one end and a tuff of fine 
hair lat the other. |Along the ventrical@side of the kernel is the crease, 
ansintolding (of the branivandpallvcoverins layers. The présence of che 
erease, complicates! any, milling process. which aims..at..sepanating the 
endosperm,) the jsounce. of white floug,-mrom” tie enclosing layers? dhe 
endosperm represents approximately 83% of the kernel. The maximum yield 
of flour obtainable from wheat kernels by milling is dependent upon the 
content of the endosperm and this is affected by the size and shape of the 
kernels and theithiekness or the bran (Kent 966. moo). Up to 85%or 


the endosperm can be recovered by suitable milling conditions. 
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about 83% of the kernel! 


BRAN 


...obout 14.5% of the kernel 
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16 
2.3 WHEAT GRADING FACTORS 


In Canada both external and intrinsic quality criteria have been added to 
the wheat grading system. Today grain grading is based upon the official 


definitions of grades established by Schedule I of the Canadian Grain Act, 


amended tojyeAugustad, 977 sand from Schedule iis iof«ethe yCanadi aneGraan 
Regulations amended to February 1st, 1978, pertaining to grains grown in 
Western Canada. Maximum tolerance levels of grading factors are 
established annually by the Western Grain Standardization Board of the 


Canadian Grain Commission. 


This section outlines the grading criteria for CWRS wheat in Western 
Canada. Although many of the factors -included have infrequent 
applications, their discussion is aoe for the complete presentation 
of the grading system. In addition, the factors outlined below may apply 
to all of the Western Canadian grains (with variations of specifications) 


and may have only minimum application to wheat. 


Official grading of Western grains by the inspectors of the Canadian Grain 
Commission occurs at the terminal elevators, shown on Figure 2 on page 18 
at Vancouver, Prince Rupert, Thunder Bay and Churchill and at the inland 
terminals of Calgary, Edmonton, Lethbridge, Saskatoon and Weyburn for 
domestic requirements. Grain samples are cleaned of dockage prior to 


grading through the use of approved cleaning equipment. Dockage includes 
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17 
all foreign materials which can be removed from the sample of grain before 


grading. The percentage of dockage is assessed and noted in official 


grading records. 


Gracenge specifications can be divided. into Yawos_sections. The firse 
section of criteria refer to /the general “standard of quality of the 
Sampee. - fhe second set of criteria deal BspeciticallyGwith maximum 
tolerance levels of each grading factor. Maximum grading tolerances are 
measured by the percentage of kernels in the sample with the particular 
condition or the actual number of kernels or kernel pieces in 500 grams 
nofed aswariable ‘K’, his necessitates an actual #kernel, count of the 


sample to determine the appropriate percentages. 


The Canadian Grain Commission is responsible for maintaining quality 
control of wheat for domestic and export marketing purposes. During the 
1961198 2eerop year the CGC established twenty-three grading factors for 
CWRS wheat. These factors include moisture and protein levels. The 
Commission has seventy-six official grade classifications for CWRS wheat 
Pupasced in 1981-19825 Wheat samples that@do not qualify toryspecifie 
grades fall into the ‘rejected’ or ‘sample’ grade classifications. Red 
Spring Wheat which does not meet the expectations of CWRS grades fall into 
Canada Feed Wheat, Utility Wheat or Mixed Grain classifications which have 


less rigorous specifications. 


The country elevator manager grades grain when it enters the licenced 
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elevator system.) Whenisthe)esrain is delivered to inland or export 
terminals the quality standards are checked by the CGC licenced inspector 
at the point of unloading. Official grading of wheat is based upon the 


following two types of criteria: 


Standard of Quality Criteria; 


a. Variety 
b. test weight 
c. percentage of hard vitreous kernels 


d. degree of soundness of the kernel 


Maximum Tolerances; 


a. foreign material other than wheat 

b. wheat of other classes or varieties 

c. sprouted kernels 

d. heated kernels 

e. severely binburnt kernels, including mildewed 
f. fireburnt kernels 

eg. odour 

h. dark immature kernels 

i. @£gZor 

je ScClerocinwvarsclerotior ium 


k. shrunken or broken kernels 
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20 
1. stained kernels 
m. smudge 
na black point 
Oo. stones 


p. insect damage 


Quality Criteria and Maximum Tolerances specifications for CWRS wheat 
grades arespresented on Table 1 on page 21 and Table 2 on page 22 
respectively. The tables indicate that as the grade changes from No. 1 
through No. 3, the specifications become less strigent, thereby 
increasing the variation of kernel quality in the lower grades. The 
successful international marketing depends upon the maintenance of these 


quality standards. 


The following descriptions outline the wheat grading factors and their 
raison d'etre. The information regarding grading criteria has been 


collected from the Grain Grading Handbook for Western Canada, Effective 


August Ist, @1950.esihe standards fom grading factors! and. their importance 
to."cereal technology is, documented in Kent (1966)§-Spicier (1975), 
Pomeranz (1971, 1978) and Quisenberry (1967). These references have been 
utilized throughout the following descriptions as wheat is appraised 
throughout the world on the basis of similar characteristics pertaining to 


milling and bread making standards. 
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TABLE 2 


MAXIMUM TOLERANCES OF GRADING FACTORS FOR CWRS WHEAT 


GRADING CRITERIA GRADE NAME 


No. 1 CWRS No. 2 CWRS No. 3 CWRS 


Foreign Material Other 


than Wheat 
-matter other than -practical ly -reasonably -reasonably 
cereal grains free free free 


-“about 0.75% -about 1.5% -about 3.5% 


Wheats of Other Classes 
or Varieties 


-durum and constrasting -about 1.0% =aboutps 10% -about 5.0% 
classes 
-total, including durum -aboutes {07% -about 6.0% -10% 


and other varieties 


Sprouted 0.5% 1.5% 580% 
Heated, including Severely Ord Ce S6 2206 
Binburnt 
Severely Binburnt, including 2K 5 K 10 K 
Mildewed Kernels 
Fireburnt Nil Nil Nil 
Dark Immature Kernels 120% 20% 10% 
Ergot 3K 6K 24 K 
Sclerotina Sclerotiorium 3K 6K 24K 
Shrunken and Broken (Total) Takes IE OK OS 
Shrunken 6.0% 10.0% 154.0% 
Broken 630% 10.0% 2S 
Stained - Natural © #5% 2.0% 52.07 
- Grass Green O7/5% 200% TORO % 
- Pink 5 7 50% LOFOR 
=sArticifial Nil sya LOK 
Blackpoint 10% 15% 35% 
Smudge 30 K 1.0% Sus ley4 
Stones Bak Bak Sak 
Insect Damage 
Sawfly and Midge 2.0% 8.0% 25% 0% 
Grasshopper/Army Worm 1,07 SEOy4 8.0% 


Sr ne natty ytd yItEIEIS SISSIES SSSI 


From: Grain Grading Handbook for Western Canada Effective 
August 1, 1980. Canadian Grain Commission, Winnipeg, 
Manitoba, pp. 21, 235024, 26. 
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Standard of Quality Criteria 


Variety 


The variety of wheat is an important grading factor. The 
physically hard red spring wheat kernels are most suitable for 
high quality bread making because they yield a strong flour, rich 
in gluten and proteins. The highest grades must be equal to or 
superior to the qualities of the Marquis wheat. For seven 
decades, Marquis wheat has been producing the highest quality of 
bread making flour. It continues to be the international standard 
for milling and baking requirements. Marquis wheat has been 
replaced over the years by higher yielding, earlier maturing, 
rust resistent varieties. This variety, however, continues to 
set the international standard for hard red spring wheat due to 


its exceptional milling and baking characteristics. 


Degrading occurs if the sample contains excessive amounts of 
other classes of varieties of wheat. Table 1 on page 21 indicates 
that No. 3 CWRS wheat may be any red spring wheat of fair milling 
quality, while Marquis or a comparable variety is specified for 


Now ileand 2% 


Test Weight 


The test weight of wheat per hectolitre of kernels estimates 
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24 
the weight of a fixed volume of grain and gives a rough indication 
of kernel size and shape. Wheats of a high test weight are 
usually considered to mill more easily and have higher flour 
yields, thus explaining the highest test weight for CWRS No.1 on 
Table 1 on page 21. The high test weight reflects a low moisture 
level in the sample of whole, unshruken kernels. Low moisture 
content in milling wheats is most favourable for both storage and 
bread making activities. Nevertheless, these measurements can be 


misleading as weak, mealy wheats have high test weights. 


Percentage of Hard Vitreous Kernels 

The hardness and softness of a kernel refers to the way in 
which the endosperm breaks down in the milling process. Vitreous 
kernels are whole, reasonably sound kernels showing clear 
evidence of hardiness. Natural vitreousity, or hardiness, refers 
to the reddish covering of the kernel which indicates hardiness 


Without disection of the kennel. 


If the surface of the wheat kernel is moistened lightly and 
uniformly during an abrasive process in milling known as 
pearling, the outer layer of the bran quickly absorbs moisture. 
The seed coat is relatively impervious and hinders the diffusion 
process of moisture from the bran to the endosperm, except in the 
vicinity of the germ. When the kernels are allowed to dry, a 


pattern of cracks appears following the lines of the endosperm 
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2D 
cell boundaries. Hardness affects the ease of the detachment of 
the endosperm from the cracked layer of bran. The endosperm cells 
of hard wheat can be removed more easily and remain more intact 


than those of softer wheats. 


Hardness also refers to the way in which the endosperm fractures 
during the milling process. A hard wheat kernel fractures into 
regularly shaped, free flowing particles which sieve easily. 
Sieving occurs before grinding or reduction of the endosperm in 
order to separate the bran from the endosperm. At the initial 
stages of the milling process, roller mills with fluted rolls open 
the kernel to expose the endosperm. The percentage of endosperm 
recovery depends upon the individual kernel. The endosperm of 
hard vitreous kernels is easily and most completely recovered. 
The top grade specifies the highest levels of.vitreous kernels as 


noted on Table 1 on page 21. 


Non-vitreous kernels are relatively high in starch, as indicated 
by the pale starch spot in the kernel, visible through the bran. 
Hustpistarch Content uncreases the water absorption rate sore the 
flour in bread making. The: net effect’ is low bread yields. 
Non-vitreous kernels also include broken and badly damaged 
kernels and all kernels of contrasting classes. Broken and 
damaged kernels affect the removal of the germ and moisture 


absorption during pearling. The exposed endosperm of a broken 
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kernel absorbs the pearling liquid and becomes damp. The 
endosperm, however, should retain its low moisture level for 
milling. In addition, if the germ is not completely removed the 
flour colour and quality is compromised. There is no minimum 
Specification for vitreous kernels for No. 3 CWRS, suggesting 
that the kernels are non-vitreous and possess less desirable 


Chanaceerisitress 


d. Degree of Soundness 
Degree of soundness refers to the maturity and condition of 
the kernel. Proper maturity of the kernel ensures the expected 
protein level. Mature kernels are the most suitable for milling 
high yields of flour while protein affects the yield of the flour 
in bread making. The highest grade specifies the well matured and 


damage free characteristics. 


Bleached kernels result from a variety of conditions. Bleached 
kernels affect the colour of the flour. Frost and weather damage 
are also considered in assessing the overall soundness of the 


sample. 


The grading “factors “included cintsdetérmining™ the * general degree? of 
soundness specifications are detailed further under the maximum tolerance 


levels in order to determine the most suitable grade. 
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2.3.2 Maximum Tolerances of Grading Factors 


Table 2 on page 22 


specifies the maximum tolerances for the remaining 


grading factors. Below, each factor is explained further. 


a. Foreign Material other than Wheat 


Foreign material is all material in the sample other than the 


same class of wheat remaining in the sample after dockage has been 


removed. Foreign material is classified into two categories: 


matter other than cereal grains in the grade 
definition includes large seeds and seeds of other 
grains such as domestic buckwheat, peas, corn, beans 


and weed seeds. 


cereal grains other than wheat refer to rye, barley 


and oats. 


Table 2 on page 22 indicates that the highest quality grades of 


wheat are virtually void of other materials. Specific tolerances 


of these factors vary for the lower grades, to a maximum of 3.5% 


of cereal grains other than wheat based on the weight (per 500 


grams) of the sample. 
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Wheats of Other Classes or Varieties 
Standard of quality criteria indicate the varieties of wheat 
which can be considered for each grade as shown on Table 2 on page 
22. Kernels which are considered wheats of contrasting classes 
are counted and indicated as a percentage of the sample. 
Constrasting' varieties are snot a serious degrading factor; 
however, kernels of other varieties are noted in the grade 
specification. In addition there are contrasting classes such as 
Red Winter, Soft White Spring, Ambur Durum, Utility and Canada 
Feed Wheats. This specification ensures the reliability of the 


buyer's expectation of each grade. 


Sprouted Kernels 

Kernels are classed as sprouted where there is clear evidence 
of germination activity within the kernel. The bran becomes split 
due to growth. Discolouration of the endosperm occurs during 
SpLoLtingimafriectingitt lourmecelotre Mhettsprouting activinyter 
germination also alters the emzymes of the endosperm creating a 
sticky dough negatively affecting bread making qualities. Table 
2 on page 22 notes the maximum tolerances of sprouted kernels in 
No.» IIGWRS Sis £005% ) @rangingeto 5907 eforsNo.srOWwRs.. Kernelsiwath 
slightly swollen germs or with a split bran without apparent 


sprouting activity are not considered as sprouted. 


Heated Kernels, including Severely Binburnt Kernels 
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Heated kernels have the typical colour, taste and odour of 
wheat that has been heated in storage. Heated kernels may include 
rotted, mouldy or badly mildewed kernels. Rotted and mouldy 
kernels are recognized by their dark colour and objectionable 
odour. In addition, bacteria alter the chemical constitution of 
the» -endosperm.. .1f» rotted kernels..are jin excess of .10%.0f ‘the 
sample the term ‘rotted kernels' is applied to the name for 
grading purposes. Heated kernels tend to have a toughening affect 
on the gluten, reducing yields and producing poor crumb texture. 
Heated kernels have tolerances ranging from 0.1% for No. 1 to 2.0% 


LOGENO | 3.CWRSi. 


The grading tolerances for heated kernels can include severely 
binburnt kernels and are included in the tolerance 
specifications. Severely binburnt kernels have specifications 
ranging from 2K to 10K. The severely binburnt classification 
applies when binburnt kernels are in combination with heated 


kerhe liseineexcess of 10%: 


Severely Binburnt Kernels, including Mildewed Kernels 

Binburnt kernels have been heated in storage. This generally 
occurs from the heat generated from the metal storage drums. 
Rotted, mouldy and badly mildewed kernels blackened throughout 
are classed as binburnt. Unfavourable taste and odour result in 


addition to discolouration, compromising flour quality. 
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Mildewed kernels usually have dark grey streaks on the sides of 
the kernel toward the brush end. Mildew is a very slow growing, 
harmless mould. Its degrading factor is based upon the kernel 
appearance. Samples containing mildewed kernels will be degraded 
on the incidence and severity of kernel damage by mildew. 
Severely mildewed kernels, blackened throughout, are graded as 


severely binburnt. 


Fireburnt Kernels 

Kernels scorched by fire are classed as fireburnt. Such 
kernels are noticeably black with objectionable odour. Because 
it is not possible to separate all the kernels affected by smoke 
or heat in wheat which has been damaged by fire, all regular 


grades pi wheat must be free from all fireburnt odour and kernels: 


Odour 

Wheat that has a distinct odour other than that associated 
with heated or fireburnt kernels will be graded 'rejected', 
account of odour. Top grades of wheat are virtually free from any 
kernels having unnatural or objectionable odours. Samples having 


a smutty odour are classed under this grading factor. 


Dark Immature Kernels 
The term ‘dark immature’ is used to describe darkened kernels 


which are also referred to as ‘swath heated’ kernels. These 
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kernels are similar in appearance to heated kernels, however, 
they are sound throughout without the associated heated taste and 
odour. The immature nature of the kernels and their colour affect 
milling and bread colour and quality. The tolerances for dark 
immature@kerne ls: range) from)1.0% toi2 5%rfor Noi l) CWRS ‘and Now3 


CWRS, respectively. 


Ergot 

Ergot is a minor disease in wheat. It is, however, poisonous 
to man and domestic animals. Therefore, kernels affected by ergot 
degrade a sample appreciatively for medical reasons. Maximum 
tolerances are expressed by percentage or by the number of kernel 
size pieces of ergot in 500 grams. For No. 3 CWRS the maximum is 


DUNE oie (9) . 2c 


Sclerotinia Sclerotiorium 

Selerotinidesclerot joraum® ds 2@ <duseese,fisimilaratomergot, 
which produces fungous bodies. Its bacteria leads to digestive 
disorders in livestock and humans. Natural immunization from 
this bacteria is common, however, not international. Therefore, 
international distribution. of this condition ase minimized. eAs 
with ergot, similar tolerances!/are applied, a maximum limit of 
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Shrunken and Broken Kernels 
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Shrunken kernels are whole kernels that are otherwise 
reasonably sound. Broken kernels inhibit the proper completion 
of the tempering process where the germ is removed from the 
endosperm before milling. Shrunken kernels also affect this 
process’as'the wrinkled nature of «the bran:inhibits the affectiof 
tempering or pearling. Shrunken and broken kernels are, 
therefore, less suitable for milling than whole, sound kernels. 
Maximum  lamits ~foxr Now 1 CWRS. is "690%, No. 2°CWRSVis® 102078 and 


15 stone NO, 3 CNIS 


Stained Kernels 

Kernels can become naturally stained by coming in contact 
with foreign substances such as weed stain. A stained appearance 
of a kernel occurs when wheat comes in contact with the sap from 
green foliage of a variety of plants. Naturally stained kernels 
must meet the maximum tolerances limits ranging from 0.5% for No. 
imCWRSTt6e5e0ZeforaNohe3rCWRsied Up: tor2i5% of Grass: Gneen andy Pink 
kernels may be removed and assessed as dockage to improve the 
sample. Remaining material must meet maximum tolerances noted on 


Table 2 on page 22. 


Other types of staining occur vilelesal Wke@aergue lis Else’ ahiet lelopayeekoie (akin 
oil, grease, paint, soil and soot. It is a degrading factor known 


as 'artifical' as staining affects flour colour. 
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Smudge 
Smudge refers to a black or dark brown discolouration or stain 
similar to blackpoint, however, extending beyond the germ area of 
the kernel. Dewtcan Walso be identified by the reddish 
identification associated with some plant diseases. Maximum 


tolerances specified for smudge, including blackpoint range from 


10% Lomss7e 


Penetrating smudge is discolouration extending throughout the 
endosperm. This is usually caused by a serious infestation of 


fungous plant diseases. 


Blackpoint, Including Smudge 

Bhaekpoint is a dark brown or black discolouration caused by 
plant diseases (helminthosperium sativa). .Maximum tolerances 
apply to a moderate degree of discolouration confined to the germ 
end. Tolerances may be reduced according to the severity of the 


stain and in consideration of the overall quality of the sample. 


Stones 

Stones include hard shale, coal, hard earth pellets or other 
material of similar consistency excepting fertilizer ‘pellets. 
Any material that is readily removed by ordinary cleaning methods 
may be assessed as dockage. Grade tolerances for material classed 


as stones are established for material that is not readily 
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34 
separable. Tolerances are expressed in number of stones per 500 
grams’, *Kangimgrfrom 3K for No. nleCWRS to 5K for No. S°CWRS wheat: 
Whereraita Aseanote practicalurto mse count, quantity of stones is 


expressed by percentage weight. 


p-. Insect Damage 


Insect damage can include Sawfly, Midge, Grasshopper or Army 
Worm infestations. Sawfly and Midge damage is characterized by 
shrivelled or distorted kernels. Grasshopper and Army Worm 
damage is characterized by kernels that are chewed, usually on the 
Sides. The tolerances noted on Table 2 on page 22 are not 
absolute maximum tolerances. The assigned grade takes into 
account the varying degree of damage and the overall quality of 


the sample. 


2.3.3. ‘Rejected’ and ‘Sample’ Grades 


A wheat sample may seem to qualify for a particular grade, however, there 
may be unfavourable characteristics that will excessively degrade the 
sample. In this circumstance the term "rejected' is added to the grade 
name for which it would otherwise qualify with a notation of the 


associated degrading factor. Such grades can be further cleaned or 
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blended with other wheat in order to standardize quality. The term 
‘rejected’ is-made part of the grade name to indicate an 'Off-grade' or 
‘Class III' grade because of inseparable mixture or condition other than 


moisture that is not permitted in Class I (Statutory Grades) or Class II 


(Special) grades. 


Wheat that does not qualify for any grade, including a 'rejected' grade is 
graded 'sample'. The term 'sample' is added to the grade name in addition 
to the major degrading factor. When a shipment of grain has reason to be 
classed 'sample' in addition to reasons for which it could be termed 


"rejected' the wheat assumes the classification of 'sample’. 


A precise order of precedence is given by the CGC in order to determine 
the primary and secondary degrading factors. -The order of precedence is 
as: follows: 

Salvaged wheat 

Fireburnt 

Excreta 

Exgot 

Odour 

Rotted Kernels 

Heated Kernels 

Mildewed Kernels 

Damaged Kerrnels 


Stained Kernels 


J 
| 7 


A 
avas ei! .yoh ine eel 


J 7 ely ibenh ‘orate ‘abhor mn tor aq 
es alent a ia nie es a = 
ele. soho nalaruend, 0 uae ehdgnne te oF 


BY amt) ay oebegd aso suseae)) at eee ais dor an 
~ : i i eater ep 


af _ wae > 7 5 « n “ >) 


a eis 


al hang “bedse(e! + shsbalta Pere iit ae pup: os daslt saa0y + 


= 


dbneu! ened bene a ‘Shey ae wate “ni qmnwe' ery 


met ti hk ae ame 
ae ain aye 609 gt nihoe Ty eres & A ef A9a08 aatbergee bediveie oat a 
barnes aif filmes ok dal ny,’ wi 2neanet are vost can ‘eiquas’ —Cberae 


et 


as to aturasiy Weieihn pid esi Fhode ade. ‘hese [aq! 


' 


eRth ore od, Beno Sh a wglis ‘ge iovag ad ormiioag i) aiieoetsong 
| y = 


vt oondbeaurty Je s aa ok Sty ang oiaat ayibsageb raspaswe bor rnd 1g ois 
stawollo® « 


36 


Sprouted Kernels 
Dried Kernels 
Admixture 


Stones 


When there are two or more reasons for classifying wheat 'rejected' or 


‘sample' only the primary factor is included in the grade name. Secondary 


reasons are noted. 


2.3.4 Moisture Testing 


Moisture content affects both the grinding and sifting operations of 
milling. Generally, as the moisture content of the kernel increases, the 
bran becomes tough and less brittle while the endosperm becomes mellow and 
more friable. However, the cohesion between the bran and the endosperm 
becomes stronger, so that the endosperm is more difficult to remove from 
the bran. As moisture level increases, the separation of the particles 


by sieving also becomes more difficult. 


Moisture testing is performed in accordance with the CGC inspection 
guidelines. Official moisture meters are used to determine the percentage 


of moisture in the sample. When wheat contains excessive moisture, an 
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appropriate term is added to the grade for which it qualifies. Samples 
are graded ‘tough’ when moisture content ranges between 14.6% and 17.0%. 


! ! 
Damp samples have an excess of 17.0% moisture content. 


ihere varesimaturdls and» artificaleprocesses (utilized: to/reduce moisture 
levels for storage and milling purposes. Natural heating is achieved when 
dry wheat is mixed with kernels of high moisture content and stored. The 
sample moisture level is reduced over time. The endosperm is not effected 
by this drying purpose. Mechanical dryers can also be used to dry wheat. 
Although damage can result from this process, it is infrequent. The 
‘rejected’ and 'sample' degrading factor termed ‘dried’ refers to damage 
caused by artifical drying procedures. Less elastic and extensible bread 
dough is caused by severe heat treatment of wheat which tends to make the 
glutten harsher and tougher. Flour yield and crumb texture are therefore 


affected. 


2eoa5b8 Rrotein! Testing 


Protein level is not defined as a grading factor, however, it is assessed 
because of premium prices paid for high protein wheat. Protein is not a 
factor determining milling quality except insofar as the protein content 


tends to be higher in vitreous kernels. The strength of the flour refers 
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to the baking character and is highly dependent upon the protein level of 


(E/N ve lueyune - 


Flour protein content is an extremely important baking property because 
all other properties are a function of protein quality. These properties 
include water absorption, mixing requirements, dough handling, loaf 
volume and bread crumb. Bread quality is measured by the water absorption 
capacity of the flour and the power of the flour to produce large well 
shaped loaves. The production of well shaped loaves depends upon the gas 
production, gas retention and the physical extensibility and resistence 


of the gluten. 


When wheaten flour, water, yeast and salt are combined in the bread making 
process, the protein in the flour begins to absorb the water to form 
gluten. Starch also absorbs water. The amount of water absorbed to make 
a dough of standard consistency increases in proportion to the-content of 
protein and damaged starch present. Only damaged or broken starch cells 
can absorb water. Damage to the starch cells occurs during the grinding 
process of milling. Flour emzymes are able to attack only the damaged 
starch. It is, therefore, essential that the flour contain adequate 
damaged starch to supply sugar during fermentation. Severe over grinding 
during the milling process causes excessive starch damage. This has the 


effect of reducing bread volume because of excessive water absorption. 


Theteproteim dn the “flour combines with water to form the extensible 
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gluten. The action of glucose and fructose emzymes of flour on the water 
and starch produces carbon dioxide which aerates the dough. The amount of 
gas produced depends upon the quantity of soluble sugars in the flour. If 
there are not enough damaged starch cells, emzymes cannot generate enough 
gas for quality yield and texture. Gluten, while being sufficiently 
extensible to allow the loaf to rise, must be strong enough to prevent gas 
from escaping too readily as this would lead to loaf collapse. Therefore, 
adequate but not excessive gas must be produced during fermentation, 
otherwise, the loaf will not inflate ‘sufficiently. The value of high 
protein wheats is reflected by the higher prices received at the Winnipeg 


Commodity Exchange. ,CWRS ds sold at. protein levels of 11.5%, 12.5% and 


136 57a Grainwstetis ties \Weellliview CropmYearedOS0 7981 seo ist Week, t peri). 


Extra No. 1 and Extra No. 2 CWRS wheat grades were established for the 


crop year under study for wheat in excess of 13.5% protein content. 


2.4 CONCLUSION 


Canada's reputation as a dependable and consistent producer of the highest 
quality of CWRS wheat is derived from the rigid adherence to the grading 
criteria and ‘specifications established by the CGC. The many criteria 
considered in determining the appropriate assignment of wheat produces 


grades with consistent quality and a high level of uniformity existing 


: Bi ny 


. ‘ 
aid wily al: - in er sig 


9 Beret gAT ree wis amok’ 


| “S9)° meet ad ke Taye sia 3 aro sil gen 2bies av baauie " 
: a? - i- 

figgttin RIeteidg desieldn le ago te duane seat at 
prin vd 4th she alte ‘asians oe  biaty yuiiego 93 


i_n_a 


¥i dia paidwe 
1 


aby DearneTsy Os style 


queries ae “alii «8 saad ov safes wit te od wivibeneawe 


Veet we wack Biwicne intl ow tythmeere ony giriqsves ¥ 


pemectiveny . .2esyhl (ao 


Po madtsuly ded) bri blah ofits Aion arty ove seu aad “snus D 


Oth oa ey its 1 1 


4 
pal ter gular we sWishsloLrak prerink, TOA ial emt Pr -eetwaedae: 


goa tenaw air sk bove'au at aout. yaad az vd piso at ban YT 22aaihw atejoaq 


ee et 1 aleval nln. +i. ites ram awe paneniinl a 


hhh PEA! , 
(dd op edd peiZ + wots, xual ae 9) pee govielause. nies) re. 


ios WOly oS 4) vclgr ame” get tw pointes Sputa RAWa.s Oo ee tnd fun 4 oh: ee 
Sasi ah pining ae ef ve jos pabh wi ssa" ret wd & satis case € a 


— 


' j | Py 7] 
J " f di , 
’ 
i 
TT 
; 
é i a] ; 
| § . f) », 
i vf i \ a 
i p- : 
i 
a 
i * m _ 
J e } 1 : it a” ! bh 
] i us } & 
4 
1 : 
{ i c i = : 


" 
; 


Tigi hast aa 16 ro ut ms san ine a ince 
7 sie Bo — itt bavineli 
, | anal einen senor 


7 nt ” oi i. ft i 
/ — es : — 9 S - i a : pow ae al 
pay JRA o uo te Sj Me si Lily eo hey i 
7 - &' : ba Peninre ss 7 var es one i 
7 = — Lie =) ; My } : ols i} io is ; 


vol, tents 


40 


within each grade. 


During the mid-nineteenth century the steam powered rollermilling method 
was developed for grinding grain between rollers. This method was 
particularly suited to the milling of hard wheat varieties, capable of 
producing high quality leavened bread. The process was successfully 
developed in Hungary and by the end of the century had been established 


throughout North America. 


Flours produced in milling are classified as 'strong' or ‘'weak' depending 
upon the nature of the wheat from which they are milled. A strong flour 
has the capacity to produce large porous loaves of fine and even texture. 
High strength in flour is related to high gluten content, providing high 
elasticity dnudphigh) tensile! strengti (Petersen, )i969''p: 113). ))sinong 
wheats are usually from the hard endosperm varieties, however, not all 
hard wheats have strong flour. Strong wheats with strong gluten are 
particularly suited to the production of high quality leavened bread. 
Canadian grain marketing efforts are based upon the production technology 
for high quality wheaten bread. This emphasis is responsible for the 
present grading system for hard red spring wheat. Any of the factors 
taken by itself gives a guarantee or assurance of either milling quality 
of the wheat or the baking quality of the flour. Overall, however, these 
criteria establish grades that are highly favourable for bread making. 
The importance of the high protein level and the strong gluten content is 


critical for the successful marketing of CWRS wheat to specialized 
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international markets. 


The bread loaf size and texture is related to the number of damaged starch 
cells in the flour. Starch granules which are detached from the protein 
of the kernel are extremely difficult to damage mechanically. Hard wheat 
kernels are initially split along the cell walls. The increased pressure 
of euliemrollermilisetcracksttthe starch granulés$d thereby creatine tthe 
damaged starch cells necessary for the production of leavened bread. In 
contrast, the starch granules of the cells of a soft endosperm are not 
damaged by rollermilling action. The harder wheats can produce the most 
desirable amount of damaged starch cells, thereby regulating the water 
absorption rate of the flour for the production of a specific loaf shape 


andasaze. 


Since the 1950's and paricularly since the mid 1960's the export market 
for CWRS wheat has changed quite noticeably (Tipples, 1976, p. 485). 
Total export trade has been increasing, especially trade with Asian 
countries. European trade, however, has declined. The international 
production of soft wheat is steadily increasing, meeting the demands for 
wheaten products in developing nations. While the importance of bread in 
total food consumption in developing’ nations)’ is increasing it is a 
decreasing component in European and North American diets which have 


historically formed the traditional Canadian export markets. 


Canada's major international trading partners for the soft wheats used for 
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42 
cake and cookie production include developing nations. Production and 
trade in the softer wheats is increasing worldwide. This is directly 
associated with the changes in wheat technology over the past twenty 
years. The recent development of Chorleywood bread making process 
requires less hard wheat and a corresponding increase in the proportion of 
SOfl, Sweaker jwheats “of lower protein. Soft wheats are “demestically 
produced in many of countries which import hard wheat. Despite this 
change in technology, Canada has opted to continue its emphasis on the 
production of hard wheats, which, when blended with weak flour, has the 
capacity to produce porous loaves of satisfactory volume, with even and 
fine crumb texture. Canadian CWRS wheat was formally used predominantly in 
European markets, usually in blends with weaker wheats for bread 


production: (Tipples;, 1976, p. 485 )& 


This analysis measures the cost associated with the grain transportation 
system in Canada. The quantitative measurements are compared to the costs 
associated with aggregated grading system. Aggregration of the number of 
grades is expected to decrease total costs associated with the delivery 
patterns. However, the relative savings must be identified as significant 
in order for the present grading system to be criticized on the basis of 


the analysis presented in this investigation. 
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3.0 THE WHEAT TRANSPORTATION SYSTEM IN CANADA 


Sie oy ohEM OVERVIEW. 


The wheat transportation system represents a process whereby grain is 
harvested by producers, delivered to country elevators by means of 
producer delivery quotas imposed by the CWB and forwarded, via regional 
railway networks, to export terminals, where it is cleaned and loaded onto 
vessels. The Block Shipping System is the mechanism utilized to implement 


the positioning of grain for loading onto vessels at export terminals. 


During the 1969-1970 crop year the Block Shipping System was introduced to 
provide a method of allocating empty railcars and hopper cars among 
spatially separated producing regions Ba tet companies whereby train 
runs could be scheduled to efficiently deliver grain to export terminals. 
Hence sthe: grain, producing! “areas, ‘of the) Prairiessiwere divided) into 
forty-nine 'blocks', each of which services approximately four hundred 
miles of track of one railway company and one hundred country elevators 


among forty delivery points. 


The 'block' is based upon the railway's train schedules by subdivision so 
that the railway company can provide flexible service on a weekly basis to 
the entire sub-network. The block shipping system results in the weekly 


allocation of railcars to shipping blocks and to grain companies for 
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44 
delivery to specified ports. The CWB is responsible for implementing the 
Six sweek “planning” cycle™ of the coordinating program. Programs for 
successive weeks evolve simultaneously so that the railways, the CWB and 
the grain companies are continuously engaged in several stages of the 
process at any particular time. Figure 3 on page 45 represents the 
information flows that are involved in the car allocation process. Each 
week of the crop year is identified by its chronological week number, from 
one to tiity-two.. (he wkryst week in AugusttuseWeek 1 of the crop year, 
The timing of events which occur in order to meet the requirements of the 
program week are included on the Figure (Booz, Allen and Hamilton, 1979, 


App. N). 


The inital step in the planning cycle is to ascertain the demand for 
Board, Non-Board and Off-Board grains. Statutory grades, listed in 
Schedule I of the Canadian Grain Act are known as Board Grains, traded 
only by CWB subject to the Crow Rate freight structure. Off-Grades apply 
to grain that cannot be graded into Statutory Grades because of condition 
or admixture. Non-Board grains are those grains that are traded 
independently and free from the CWB. The demand for Board grains is 
estimated by grade and type on the basis of the export sales programs 
agreed upon. Refinements to the estimates are made for the ports of 


Vancouver, Thunder Bay, Churchill and Prince Rupert. 


Once the demand has been formulated, the potential stocks expected to be 


in export position during Week 6 are determined. Information regarding 


air io Sagnce ierewnd wl 
ott adweniqer te age Oe & 
den] .ateoox4 notvoulto rao si 8 , i 
wont .soluin Boas inated a sot | 

pay qeto- din tu t dail a ‘a eh las Leo, oot 
(wth Pe Bann tiaper avy deem ae “obit: ad uso aire 
Oxf! onodhimett Ung wal tA 860m) ovina | i , 


, 7" 
i ia : ya 
JickY Aoumal wdt Gieierde nt al ate mg pinay ft Brite 


La pa 
7 het | et finn 
oe dale aie 
ae lind 


ak derail, , cohibas gre su Tege 5 haps bay ‘bunts 


LG* Kb 
* 


tie hag nea urpod: ae. ll ah ds f 
aida’ wore? Tui; Bhattelig tz safes aed veh 4 
apLatbnty to shoeood rend Hanne ea Cate 
bpluee ash tails ee inag sends oan ‘Ohare: 
uw) adhere tered Yl huts ofels sot? ia. ate pengy 
ere eninny opine Inatce wile) 20| ahah age. to vant ba 
ty seitia de acuineihe ‘ey am 
“ach a2 “ oe 


— 


7 bo 
ty : 7. ih . 
b pte & Paes - ae 


FIGURE 3 


45 


INFORMATION FLOW FOR IMPLEMENTING 
THE ALLOCATION SCHEDULE 
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terminal stocks, unloads, cars on hand, cars en route, country loadings 
and cars ordered are considered. The shortfalls between the expected 
demand and the expected stocks at the terminal elevators represent the 


quantities of grains by type and grade that must be delivered to meet the 


expectations of Week 6. 


During Week 2 preliminary estimates are made of the quantities of grain 
thateawill) bes drawn trom teach hwfsrthe forty-nine ‘shipping wWilocksttd 
determine the number of cars necessary to deliver the required grains from 
the country to terminal position. The instructions regarding the block, 
type and grade of grain to be loaded for delivery during Week 5 are 
prepared for distribution to the railways, elevator companies and 
elevator agents. These decisions are based upon the elevators managers’ 


reports of shipable stocks by type and grade mailed weekly to the CWB. 


During Week 3 a final position statement is prepared of the required cars 
at each destination in Week 6 by type, grade and protein level. The Grain 
Transportation Authority meets with the railway representatives to 
mecotrate the car ‘supply “that wall be made available for the 
transportation of Board and Non-Board grains. The CWB then allocates all 
cars handling Board grains and Non-Board grains to elevator companies. 
ihesttiype Of grain @~podrdigor None Boardss ismspeciziedmionyeach delivery: 
Each elevator company determines which blocks Non-Board grain cars will be 
spotted and at which primary elevators. In the case of Board grains the 


CWB has the responsibility to allocate the available railcars to elevator 
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47 
companies by specific shipping block. ineyondem btotipertormiitnis 
responsibility, however, the CWB is dependent upon the grain companies to 
provide current information on stock positions, to allocate cars to their 
elevators for the purposes of shipping a specified grain grade and to 


comply with the allocation once ordered. 


Theenmembers:. of | thegvCWB iLransportatiomesstaff ameeti with timailway 
gepresentativessrtoyidetermine, the: spottiingsof carsabyr block whichw2nhl 
minimize the railways overall costs. Where possible the reassignment of 
erewsil to/eother!isubdivisionsyiandethe running rofeextralitmaims: runs are 


avoided. 


Once the bulk allocations of railcar are determined for each shipping 
block, the CWB and the railway companies determine the bulk allocation of 
cars to elevator companies. The Bracken formula is used to allocate the 
railway car supply ‘among the elevator companies in each block. The 
formula is based upon the company's share of business of Board grains in 


the block over the previous year. 


During Week 4 the elevator managers are informed of the authorized number 
and type of shipments to be made the following week. The railways are 
informed of the spotting instructions by type and grade, and the 
destination of the grain to be loaded. The spotting and loading of cars 
at primary elevators occurs during Week 5. The shipment of grain to port 


terminals is to be completed during Week 6. 
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Despite this planning program, this study presents an annual analysis of 
the overall transportation coordination efficiency because a 1978 survey 
over three months of grain unloads indicated that only 38% of grain 
ordered was unloaded within the six week planning cycle period. Booz 
Milemsyandiiamni bronwC1978)mixX-2)) suggest’ that Jordersmaremtil led) usualay 
over a period of eleven to twelve weeks, 27% of orders arriving in the 
seventh week, 16% arriving in the eighth week, 8% arriving in the ninth 
week and 11% arriving during the tenth week or later. This makes the 
analysis of transportation coordination difficult and for this reason the 


annual availabilities and requirements are addressed in this analysis. 


In order to apply the Transportation Problem to the delivery of CWRS 
wheat, the system must be represented as a set of supplies, demand and 
shipping costs.| These three input parameters define the system and enable 
the Classical Transportation Problem model to derive the minimum cost 


solution while fulfilling the shipment requirements. 


3225 ORIGINS 


The CWB has organized the Western Canadian railway network into a set of 
forty-nine geographical areas known as "blocks'. These forty-nine blocks 


are. utilized to coordinate the transportation of grain. to export 
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terminals. Each block represents the geographical area serviced 
exclusively by one of the operating railways. The Canadian National 
network is presented on Figure 4 on page 50. The Canadian Pacific network 
is presented on Figure 5 on page 51. In 1981 the Northern Alberta 
Railway, which includes blocks 90, 95, 97 and 98, became part of Canadian 
National Railways allowing access to Prince Rupert. These figures show 
the CN and CP blocks on different maps as the regions served overlap where 

the competing railways are nearby each other. The rail lines that form 
each of the.forty-nine blocks were identified (Grain, Deliveries from 


Bia died.CnpP OILS ial COp— Gare !980/1981). 


The block system represents a logical and practical system to utilize in 
thas analysis as railcars are initially allocated for loading by block. 
The distribution of railcars among elevators within blocks is determined 
by elevator companies, which represent decisions made. external to the CWB 


and to the system presently under investigation. 


Although the origins of commodities may actually constitute regions, they 
must be represented by points in the framework for analysis. The shipping 
costs between each origin and destination pair must be a single value. 
This eliminates any variation in costs which may exist among the country 


elevator points within the region represented by a particular block. 


Each block was assigned a centroid, which identifies the mid-point of the 


network it represents. The midpoint was selected by measuring the rail 
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Pines within each block (Guy Tombs, ig71 je) (heres iting ser no heco 


centroids, as shown on Figure 6 on page 53 represent the 49 shipping 


ObLOTnS 


The availabilities of supplies at origin points is determined by the 
delivery quota system, the primary instrument utilized by the CWB through 
which required grains are delivered from farm storage to country 
elevators. The system was designed to provide an orderly flow of required 
types and grades of grain to meet sales commitments and to provide equity 


of delivery opportunities to all producers. 


Delivery quotas are set weekly by type of grain and grade in each block 
according to the CWB's knowledge of availabilities of grains and upcoming 
sales contracts, Once the overall demand for grains has been established, 
the CWB must determine where it can collect: and deliver the necessary 
tonnages. Delivery quotas are then set based upon a tonnage per acre per 
producer *for=specificigrains: The block) shippingssystem as utilized at 
cats. point to» allocate xailcars to the elevators yeompanies ‘by block; 
specifying the grain type, grade and final destination. The railcarssare 
then allocated to country elevators within the block, assuming that the 
delivery quotas will be met at each primary elevator. Those elevators 
that will be Poading railcars reteive deliveries from producers based upon 
the delivery quotas set for the week. The railcars are then loaded with 


the specified grade and forwarded to the pre-arranged destination. 
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54 
3.3 DESTINATIONS 


Four destinations are used in this study: the export terminals of 


Vancouver, Prince Rupert, Churchill and Thunder Bay, as shown on Figure 2 


on, page 18. 


The demand for Board grain to be delivered to these ports is initially 
estimated qion Sthessabasas gyoh monthly sales’ aprogramSs;endhercdemands < at 
Vancouver, Prince Rupert and Churchill are defined in terms of vessel 
nominations. Therefore, the CWB must organize its delivery patterns to 


meet the ship arrivals estimated at these ports. 


Vessel nominations are not a significant factor in determining demand at 
Thunder Bay, as demands are highly dependent upon the.requirements set at 
the St. Lawrence ports (Montreal, Quebec, Baie Comeau, Port Cartier) and 
the Atlantic ports (Saint John and Halifax) during the winter months. The 
transloading characteristics of Thunder Bay increases the planning cycle 


by two weeks to account for 


1. the off-loading of grain from railcars to lakers at Thunder Bay; 


in) 


transit time from Thunder Bay to St. Lawrence ports; 


Oo 


the discharge and distribution of grain among river port elevators; 
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55 
4. the offloads of grain from lakers to alternative vessels at river 


ports: 


Defining the demand for grains at all ports is dependent upon the 
mieounatton on the “available stocks, unloads, cars em route, country 


loadings Sand! cars ordered. Stock information is’ available from the 


following sources; 


1. Terminal Stocks are available from the Canadian Transport Commission 


Coordinator and the Grain Commissioner; 


2. Unloads are available from the railway companies and the Canadian 


Transport Commission Coordinator; 


3ra,Cars* en »Routerarne available from» the srailway, companies «and: othe 


Canadian Transport Commission Coordinator; 


4. Country Loadings are available from the grain companies and railway 


companies; 
5. Cars Ordered are available from the Canadian Wheat Board. 
The available stocks, potential stocks and estimate stocks are compared to 


the demand formulated for each of the port destinations: Vancouver, 


Prince Rupert, Churchill and Thunder Bay. The shortfall between the 
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stocks expected to be in vessel loading position and the required stocks 
is determined. The CWB then sets delivery quotas in order to move the 
required grains to points of loading for transportation to terminal POLtS. 


These demands form the basis for determining the deliveries from country 


elevators. 


3.4 TRANSPORTATION COSTS 


During “ehesl930S1961 crop season; ?the transportation® costs of shipping 
grain for export was regulated by the Crow's Nest Pass Freight Rates. 
These Crow Rates are used to determine the minimum cost solution to the 
transportation problem. The Crow Rates from each block were collected 
from the series of maps presenting the Crow shipping charges from CN and 
CPY¥iines@tomthe export terminals:available from Transport Canada (1967). 
The average rate in each block was obtained and tabulated to represent 
cents per tonne of grain. Table 3 on page 57 lists ‘the rates from all CN 
origins to the four terminal ports and from CP origins to Thunder Bay and 
Vancouvem.s WRail service is not ‘provided from CP origins to Prince Rupert 
andechurchvkh under the Crow Ratemtreight structure. *ihis table as (the 


transportation cost matrix utilized in the Transportation Problem model. 


It is generally accepted that the Crow Rates, established by the Federal 
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Origin 


01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
4b 
45 
46 
47 
48 
49 


Block 


O1 
03 
05 
07 
09 
it 
13 
15 
1 
19 
rant 
23 
PaS 
27 
29 
SL 
a3 
35 
CF, 
59 
41 
43 
45 
47 
49 
61 
62 
63 
64 
7 
a2 
#3 
74 
75 
76 
77 
78 
79 
81 
82 
83 
84 
85 
86 
87 
90 
95 
97 
98 


TABLE 3 37 
CROWSNEST PASS FREIGHT RATES 
FROM PRAIRIE POINTS TO EXPORT TERMINALS 


(dollars per metric tonne) 


Block Name Thunder Churchill Vancouver Prince 
Bay Rupert 

Winnipeg North 3.41 5158 7.39 fees 3 

Winnipeg South Se81 5046 7.61 F264 

Winnipeg West ae 4.96 7.25 7.28 

Brandon North ge Sy 4.74 6.83 6.83 

Brandon West 3.86 5.07 ei acess: 6.83 

Melville 4.08 4.30 6e72 6.72 

Dauphin 4.30 4. 3) bese ele 2 

Kamsack 4.63 4.07 6). 6a: 6-62 

Saskatoon Main 4.74 a pes SoS a2/3 

Saskatoon South 5b 40n 4.96 52 G2 She 

Saskatoon West res 4.96 5.40 5.40 

Saskatoon North 4.96 4.63 5.40 5.40 

Prince Albert East 4.85 4.18 5295 5295 

Prince Albert South 4.89 4.41 5-462. 5), 62 

Prince Albert West x54 4.74 5.40 5.40 

Saskatoon East 4.63 4.85 5.95 5.95 

Regina South 4.30 4.85 6.28 6.28 

Regina West 4.63 SrO} Gea Gen? 

Biggar North 529 4.96 S16 aes 2] 

Biggar West Sw29 5207 eZ Sz 289 

Edmonton North 6259 Soe 4105 oS 

Edmonton South 562 555 £563 4.63 

Edmonton West oka by; SY Fe eee: L9H 

Hanna South 5-40 5.40 4.74 4.74 

Hanna West 5.84 be OZ ou 4.74 

Keewatin Sheet 72083 

La Riviere 355 7239 

Carberry 3.64 7439 

Brandon Bos Cee: 

Weyburn 5230 6350 

Pasqua 4.18 6.06 

Bulyea 4e52 Gadd 

Bredenbury 4.52 6.61 

Saskatoon 4.85 6.06 

Wilkie 5eza S29 

Assiniboia 4.96 5.62 

Swift Current 4.74 awe 

Outlook 4.96 535. 

Medicine Hat SS 25 yar hs 

Brooks nm GZ 4.74 

Lethbridge Sead: 4.96 

Vulcan 5. ia 4.63 

Calgary feo Wj 4.63 

Red Deer 5.84 iOS 

Edmonton 5.84 4.85 

N. Alberta R.R. West 5495 5nO0¥ 

N. Alberta R.R. East SWS) 5.07 

British Columbia R.R. 595 S07 

Great Slave R.R. 5225 5.07 
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statute entitled the Crow's Nest Pass Agreement of 1897, no longer 


compensate the railways for the actual shipping costs associated with the 
provision of "Service. Repeated studies, including the Macpherson 
Commission (1960), Snavely Commission (1974, 1977, 1980) and the Hall 
Commission (1977), have concluded that the Crow Rates do not reflect the 
actual costs of providing *rail service’ from Prairie points! to terminal 
elevators. The Snavely and Hall Commissions conclude that the Crow rates 
bepbesent Yapproximatelyou20% ofi« the actual) Gcost-. of / provaidinge® ‘the 
transportation service. Nevertheless, the railways charge these rates to 
the grain companies for grain delivery and they are used in this study to 
demonstrate the actual costs of flows in the transportation system. It is 
interesting to note, however, the association of the Crow Rates between 


origin and destination pairs and the minimum rail line distances. 


Pearsons Product Moment Correlation test was applied to the Crow Rates per 
tonne of wheat and the rail distances between supply and demand points. 
The distances between all origins and all destinations were determined by 
calculating the shortest path railway mileages between each origin and 
destination. The rail lines included in the network shown on Figure 7 on 
page 60 are those identified as the Basic Network by the Hall Commission 
G@i07%). These links include both CN and CP lines. The connectors in) the 
link data represent the junctions of the CN and CP rail networks. Through 
the use of a computer program employing the Cascade algorithm, the 
shortest paths were generated (Farbeys; BuA.4 et..tal.).. No distinction 


exists between CP and CN in determining the shortest paths. Table 4 on 
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yy) 
page 61 presents the shortest rail line distances generated between 


origins and destinations. 


The relationships between Crow Rates and the actual railway distances were 
imvestigated|/ tor all origins (both CN and CP) andjexcitsiwely for the GN 
destinations of Churchill and Prince Rupert. Rates from CN and CP origins 
to Thunder Bay generated a correlation coefficient of 0.9123. Rates from 
CN and CP origins to Vancouver generated a result of 0.9053. The results, 
presented on Table 5 on page 62 demonstrate that rate schedules on both CN 
and CP lines to all export teminals are highly associated with the rail 
ime distances, amd explain approximately y 80% fof fthe® variability. 
Therefore, it can be concluded that the Crow Rates are highly reflective 


of the delivery distances required to bring wheat to export terminals. 


Although the coefficient varies with the origin/destination set under 
investigation there is no significant favourable bias indicated towards 
any of the export terminals or the railway compaines for shipping rates. 
ne beehest regression coefficients fwerey generated for CP origins to 
TLomnderg Bay (0.99) and fON ofigins gto Frhunder Bay (0.9873). The 
coefficient of 0.8649 was generated for all origin to all destination 


pars” 


The results of. this regression analysis indicates that the Crow rates 
probably represent some of the shipping costs related to length of haul. 


Yet, there are other variables to be considered in railway costing. 
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TABLE 4 


SHORTEST PATH DISTANCES BETWEEN ORIGINS AND DESTINATIONS 


(Distance in miles) 


Origin Block 


O01 Ol 
02 03 
03 05 
04 07 
O05 09 
06 Ad 
07 ls} 
08 15 
09 AW 
10 19 
a zie 
12 23 
13 25 
14 Zh 
1S 29 
16 Sil 
17 33 
18 35 
19 Sui 
20 39 
24 41 
ya) 43 
2S 45 
24 47 
25 49 
26 61 
Zi 62 
28 63 
29 64 
30 rial 
Shit VE 
ey Tis 
33 74 
34 7S 
35 76 
36 WY 
BI 78 
38 79 
oe) 81 
40 82 
41 83 
42 84 
43 85 
44 86 
45 87 
46 90 
47 95 
48 97 
49 98 


Block Name 


Winnipeg North 
Winnipeg South 
Winnipeg West 
Brandon North 
Brandon West 
Melville 

Dauphin 

Kamsack 

Saskatoon Main 
Saskatoon South 
Saskatoon West 
Saskatoon North 
Prince Albert East 
Prince Albert South 
Prince Albert West 
Saskatoon East 
Regina South 
Regina West 
Biggar North 
Biggar West 
Edmonton North 
Edmonton South 
Edmonton West 
Hanna South 

Hanna West 
Keewatin 

La Riviere 
Carberry 

Brandon 

Weyburn 

Pasqua 

Bulyea 

Bredenbury 
Saskatoon 

Wilkie 

Assiniboia 

Swift Current 

Out look 

Medicine Hat 
Brooks 

Lethbridge 

Vulcan 

Calgary 

Red Deer 

Edmonton 

N. Alberta R.R. West 
NWieAlberta R. Re Bast 


British Columbia R.R. 


Great Slave R.R. 


Thunder 
Bay 


433 
487 
D1 
583 
623 
666 
693 
811 
S25 
991 
970 
892 
866 
871 
1035 
844 
paint 
Sid 
125 
999 
1320 
1168 
1250 
1148 
1206 
416 
534 
493 
SS) 
732 
769 
789 
742 
885 
981 
961 
856 
908 
OZ 
PLS 7 
194 
e250 
1299 
1142 
1664 
1664 
1448 
La 7 
Li 8 


Chussehasiel 


1010 
1002 
888 
840 
976 
Taq. 
Tisw/ 
598 
823 
942 
949 
816 
704 
709 
910 
920 
891 
887 
938 
948 
1254 
1105 
1184 
1097 
es 
993 
1062 
944 
933 
929 
845 
838 
760 
834 
930 
1037 
952 
Seah 
1058 
1233 
LZGy. 
1502 
1258 
Log! 
1060 
1060 
1598 
1805 
1690 


Vancouver 


1483 
1435 
1437 
1389 
$259 
1237 
UiS0 
1276 
LO 2 
987 
955 
1058 
1188 
dea Rohs) 
1a38 
1429 
1159 
1071 
998 
997 
ou 
855 
897 
O17. 
770 
1466 
1419 
1389 
1289 
13 
Libis 
mn yy, 
aeow) 
1040 
1006 
1029 
1026 
1036 
942 
725 
787 
710 
699 
832 
942 
942 
LO9S 
728 
eae 


Prince 
Rupert 


1796 
1754 
1707 
1659 
1620 
1529 
1600 
1531 
1372 
139 2 
13:10 
1324 
1443 
1448 
i331 
1699 
1520 
1448 
ULoL 
1196 
1099 
1027 
1029 
212 
1088 
a3 
1795 
1702 
1646 
1540 
1474 
1433 
1464 
1310 
A247, 
1563 
1493 
35 L 
1399 
1285 
1347 
1270 
1143 
1162 
1074 
936 
hoe 
729 
1218 
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PRODUCT MOMENT TESTS OF ASSOCIATION BETWEEN 
CROW RATES AND RAILROAD DISTANCES 


petyof Oricin Points 


CN 


CN 


CN 


CN 


CN 


CP 


a, 


CN 


CP 


Blocks 


Blocks 


and CP 


and CP 


Blocks 


Blocks 


Blocks 


Blocks 


Blocks 


Blocks 


Destination 


Churchill 
Prince Rupert 
Thunder Bay 
Vancouver 
Thunder Bay 
Thunder Bay 
Vancouver 


Vancouver 


Correlation 
Cocitverent 
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Costing studies have been carried out by the Northern Alberta Railway, CN 
and CP Railways as submissions to royal commissions dealing with railway 
costing and pricing. There is a common tendency to aggregate the costs to 
the system wide level, without dealing with line related costs in a 
comprehensive manner. The concern with branch line abandonment has 
generated costing research on grain dependent lines, however, there has 
been no differentiation established between the costs associated with 
differences in terrain, grade, the capacity of links or the multiple-use 
and shared costs of other lines which can be applied to specific links in 
the network. These characteristics of the costing studies of the Canadian 
wheat transportation industry eliminate the possibility of determining 
the actual costs of a delivery for the purposes of this analysis. Indeed, 
the problem of the adequacy of this field of research is recognized. 
Because of the unique nature of the Canadian system, further research must 
evolve from Canadian interest. Application of railway costing from other 


grain producing regions is highly discouraged (Hall, 1977). 


The Crow Rates vary directly with tonnage shipped. In addition, the rates 
do not distinguish between the type, grade or value of grains. Therefore, 
all grains are moved at the same rate, dependent upon weight, eliminating 
the need to vary the rates for commodities of varying value. This fact is 
important in assessing the dmportance ‘of shipping’ costs) to: the export 


trade of wheat. 


The CWB operates its delivery programs with a fixed supply of railcars 
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allocated by the Grain Transportation Authority. The number of cars 
allocated usually represents a shortfall from the total number requested. 
reise chtieot rithistetactpecttomdstaparticularlya importantheformathetCwea to 
efficiently program its deliveries. Long cross-hauls are therefore 


particularly costly to the CWB because rolling stock is not being used 


effectively. 


32> SEXGLUSIVEeRAILWAN, SERVICERARBAS 


The Canadian National Railway and the Canadian Pacific Railway are the two 
firms handling the rail transportation of grain for export. The block 
shipping system is organized about mutually exclusive service areas. The 
impacts of this exclusiveness result in the restricted use of the portshot 
Churchill and Prince Rupert by CN only. These restricted deliveries are 
known as direct non-reciprocal shipments. Producers, therefore must 
operate through CN elevator points in order to have their grain shipped 
ones) (ope Churchill and Prince Rupert. Deliveries to elevators on CP lines 
dowinestean tiormalN circums tancesgrdelaverctos Chunchaldjor Pnimcewkupert 
regardless of the contract demands or proximity to these terminal ports. 
iwefacoyt direct! mon-meciprocal traffic accounted for 93.9,.0f statutory 


grain unloadings in 1980. 
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During the study period of 1980-1981 the railways transported grain under 
three other shipment categories. In 1977 the railroads began to transport 
grain under reciprocal agreements. Such grain is interchanged between CN 
and CP lines for movement to statutory rate destinations. Approximately 
onenhalfi sofonthestreciprocalmwtraffiice is: Woadedsrin (CNecarshlate country 
elevator points on CP lines or the Northern Alberta Railway (NAR) and 
interchanged at Edmonton for delivery to Vancouver or Prince Rupert. The 
remaining one-half is loaded on CP cars at CN points and interchanged with 
Chua Gaksary for delivery to Vancouver. This’ type of traffic accounted 
for 998,607 “tonnes on 35/2 of ithe total statutory grain tonnage in) 1980" 
The transit traffic category describes grain that is stopped and unloaded 
at intermediate points for cleaning, storage or processing and reloaded 
for movement to the terminal elevator. In 1980 transit traffic accounted 
fom 50057 ldfiteynes torgi29% iiestatutory cgrain dedivered at Inel9s0ethe 
Churchill Agreement took effect to facilitate the movement of grain from 
the Saskatoon area to Churchill. Under this agreement, CN cars were 
Loadeds by wGR ata CP] elevatorestataionsh enditdelivered) ito sChurchaldeiefhas 
traffic amounted to 137,098 tons, representing 0.5% of total 1980 tonnage 
ances 4i1¢8°% «oft ethe TChurchildsetonnagea(Snavely, 1982 |. pe23)e edhatigthas 
program has not been extended and will probably never be repeated 
indicates that CN/CP railway service exclusiveness will continue. The 
costs » of maintaining! this ssitwatiom will be Vaddressed qusing ‘the 


Transportation Problem. 
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3.6 CONCLUSIONS 


Despite the complex and rigorous structure of the grain grading and 
transportation system described, there is room for a considerable degree 
of competition between delivery points and among elevator agents at 
delivery points where more than one company is represented (Key Issues in 


Canadian Grain Transportation, p. 53 and Booz-Allen, and Hamilton, 1979, 


Appendix S). 


In effect, the result is that the factors defined as standard criteria for 
grading may be interpreted differently among elevator companies and 
elevator agents. The Canadian Grain Commission applies the most 
EGNStStenGscriterlLattotecraim grading at terminal elevators at the time of 
ofeaclalteradinges* *[hetrigideapplicationtofmspecit ications ‘asYset forthtin 


the annual publication Grain Grading Handbook for Western Canada by the 


Western Grain Stabilization Board of the CGC can result in the renaming of 
the grain grade from the initial grade assigned by individual country 
elevator agents. The variance in grade definition between grading at 
country elevators and the offical grading at terminal elevators is 
supported by the evidence provided by Booz Allen that 31% of the unloads 
over a 12 week period were either one grade (17%) or two grades (3%) 
different from that’ ordered or a totally different type’ of grain (1%) 
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67 
The initial visual appearance of the grain sample, in addition to the test 
weight constitutes the overall extent of the grading at country elevators. 
Protein testing is not universal among elevators and producers and is 
therefore not explicitly incorporated into the transportation system 
coordination system. Moisture levels are important for storage 
arrangements but requests for deliveries of grains are not subject to 
moisture considerations. Penalities are assessed by the CWB in the form 
of decreased rail car allocation if the grade unloaded does not meet the 
grade requested. Shipments of tough or damp grains are not penalized when 


unloaded at terminal ports expecting to be at normal moisture levels. 


The transportation system has been represented as a set of origins and 
destinations, with a unique cost associated with the origin-destination 
transportation patterns. These three input parameters are utilized by the 
transportation problem to determine the minimum cost delivery patterns 


for the given supplies and demands. 


The transportation system is well represented for application to the 
Dranspeneacion —Problem “for several@neasons. | (he fortysnines shipping 
blocks and the four terminal ports represent the actual organization of 
the grain transportation system. The transportation costs, varying with 
tonnage shipped, are fixed between all origin-destination pairs. The 
delivery patterns are subject to time constraints in order to meet sales 
contracts. These characteristics of the coordination and transporation 


system may provide evidence to consolidate and aggregate the grading 
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system to fewer grades. 


For demonstrative purposes, it will be assumed that all grades can be 
categorized into one homogeneous commodity. The Transportation Problem 
can provide the miminim shipping patterns for this aggregated system. 
Total shipping costs are expected to be lower for an aggregated grading 
system, reflecting the transportation costs associated with the present 
grading system and the limitations of the transportation coordination 
system. ier Faddweionaly (Shippings costsasattribuced Ptorethe Heosteaor 
supporting the grading structure must be evaluated against the benefits of 
maintaining this rigorous system. The CNR/CPR incompatibility problem is 
an additional component to consider in this analysis of transportation 


cost efficiency. 
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4.0 THE CLASSICAL TRANSPORTATION PROBLEM OF LINEAR 
PROGRAMMING 


The Classical Transportation Problem of Linear Programming has been 
attrabuted:= tot Hatchcock #\G1941))\orand & Koopmans? £01949). @rBerees C1962) 
indicated that Monge had developed the framework in 1791. An approach is 
also given by Kantorovich (1958) as discussed by Gass (1975). Hitchcock 
formulated the problem to determine the minimum transportation cost of 
shipping a homogeneous commodity from several spatially separated sources 
to several spatially separated markets. The solution of a series of 
linear equations demonstrated a technique for determining the least cost 
delivery pattern. Koopmans applied the Transportation Problem framework 
to the principle of marginal cost transport pricing in order to maximize 
the amount of transportation performed for a given cost. Minimizing the 
cost of a required set of deliveries leads to the best use of the 
transportation services available. The Transportation Problem framework 
has become known as the Hitchcock-Koopmans problem incorporating both the 


minimization and maximization principles. 


Tiemiransportation’ Problem is" presented aswa tLinear ‘Programe atThesprimal 
problem of the Transportation Problem minimizes the total transportation 
costs. Associated with every primal linear programming formulation there 
is a corresponding maximization problem called the dual problem. The dual 
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70 
problem formulation seeks the minimum buying price of the resource at the 
supply region and the maximum selling price at demand points within a 
spatial system. In this context, maximizing the return for the commodity 
at the point of export is accomplished by minimizing the transportation 
charges for shipping the commodity. Because transportation costs are the 
only variables under investigation, transportation cost minimization is 
the explicit criterion of evaluation. A trader's profits are measured by 
the greatest difference between the buying price and the selling price. 
Profits do not, therefore, result when the difference between the buying 
and selling price are exactly equal to the transportation costs. By a 
fundamental theorem of Linear Programming, the maximization of the dual 
problem will be equal to the minimization of the primal problem and 
profits will not result from shipping the commodity. Nevertheless, the 
attempt to profit from providing transportation services leads to the 


optimal solution of both the primal and dual problems... 


4.1 THE PRIMAL PROBLEM 


Mathematically the the transportation problem minimizes a linear function 


(1) MIN: Z= > > Xij . Gig 
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where 
Z is the objective function representing total transportation 
costs, 
m is the number of supply points, 
n is the number of demand points, 


Xij is the solution variable determining the amount of commodity 
x shipped from origin i to destination j, 
Cij is the transportation cost of shipping one unit of 


the commodity from origin i to destination j. 


The minimization is subject to the following constraints; 


(2) ) NicjeSiSi (i=14 em) 


which specifies that the total amount of the commodity shipped from origin 


i must not exceed the supply of the commodity at the source; 


n 
(3) ) ine Sead Galen) 
jel 


which specifies that the total amount of the commodity shipped to 
destination j must at least meet the demand for the commodity at j. The 


problem also specifies that no negative shipments are allowed; 
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The solution to the primal problem provides the least cost pattern of 
shipments required to meet the demand constraints subject to available 
supply. The optimal pattern leads to the minimum value of the objective 
funtion 2 @whieh indicates the total scost"of distribution &® The*measure 
used to determine costs depends upon the application or the type of data 
available. Distance, actual production and transportation costs and 
freight rates can be used. In this application the goal is to minimize 
the total shipping bill and therefore the transportation tariffs charged 
by the railway companies (the Crow Rates) are used to determine the 


minimum cost solution. 


In order to apply the Transportation Problem the system must be 
represented by a set of supplies, demands and shipping costs. These three 
sets of input parameters define the system and enable the Classical 
Transportation Problem model to derive the minimum cost solution while 
fullfl ling: \ the shipment requirements. The employment of parameters to 
define the Transportation Problem framework requries a number of 


simplifying assumptions. 


Although origins and destinations of commodities may constitute regions, 
they must be represented by points in the framework. Therefore, the 
shipping cost between each origin-destination pair is a single value. For 
this application this eliminates any variation in costs which may exist 
among the country elevator points within the region represented by origin 


i. The forty-nine’ shipping blocks*-and the four terminal ports of 


40 avarfeq tat Javed ail Ho bt YORE! 

. : “ As sis 7 — 
o baebe eve ay yaardbe janinaseone OABUEC ; 
7 oi ps 
1 A _ r yhenes 
eviivaide sty To aiflev. rohit “yt os alu dla “igqve 


; 7 f 
Ll a” bef 7 
re a 
Jnohamedi ase ry ta 7408 7 ses ie 4S iaksout q 
ae eats f aon 
aga to eqys ed? ao ety tol age aa pale ine SETS BS Oe 


saoon seid : sldetien 


i] 


axueasn odT 


ban #0069 nolLdnaromecdad bore apesuticlie, taw 
| : 


‘exintaie oF si Lapa ade guisaadtidas ade a) finan oes onde Pr 
hog nile wtatrns aaiteerag ents Bis sro xen tant isd drone faseaya adt 
ait eiimiseab os fae azn) (= aas6i wow belts crak ened ns ar, of 
| Peres 7209 owen 


, 


1 


ev . : “i f ’ ’ 
law « i —~ =a 


iy ) iL i Ao. ; ; _ 
a2aye <ais meldes ie oh Dil sda. -afqae ‘od sire 


" 7 


jee 
eet rs wait! «ee 


> 
roo Snigyida hae shnamed ,2 attna na Yo 292 & vd bositees 
| ad 


| she aida ba. napay m. elit... daeitab sodden wank x ig @: os 


(2a ke« 


"a 
“ig “eorduiga tetio wot oa Aut airgert: at a Leman medidas ngetaaase arn a 


- 
Pave a 
: 


ao gradomeyey in siataiieia ‘gut (Po rtonet Pas een ate gaa i1a% 


j°0° «tedyyn 66) 6(t6ES pet ais Oumar, naidord <§orsas 
2; 4 : 7 ; 7 


Horr eee neiciaadi gaa singe ba) rosa 


aul wxaiyerhat semen os ae esaidsag oye | 


* » ‘ wan ane -_ aa A089 saat sg 


nan ny si ‘fom : nie a 


73 
Vancouver, Prince Rupert, Churchill and Thunder Bay represent the m 


origins and the n destinations respectively. 


The model assumes that any one unit of the commodity may be substituted 
for any other unit of the commodity regardless of the supplying region or 
the source (i.e. homogenous commodity). In this application, each grade 
of CWRS wheat is treated as a separate commodity and hence requires 


solution of a separate Transportation Problem. 


In the Transportation Problem, the transportation costs per unit of the 
commodity must be constant with respect to quantity shipped thereby 
establishing a linear minimization function. This assumption does not 
allow for production economies of scale, hence ignoring the advantage of 
shipping a full truck or rail car. Since the Crow Rates represent a fee 
schedule which is a linear function of tonnes shipped this assumption is 
quite realistic in the Canadian transport context. This rate structure 


will comprise the cost matrix input into the Transportation Problem model. 


The Transportation Problem model is useful in seeking to minimize the 
transportation costs for shipping requirements. The coordinating agency, 
the Canadian Wheat Board, is free to ship a commodity from any supply 
point to any demand point, in order to minimize the transportation costs 
anduvoptimize sthei system as a whole. Therefore, their problem is to 
determine the shipment pattern from origins to destinations which 


minimize. total ‘transportation «© costs: Theoretically, the railcar 
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74 
allocation of the Canadian Wheat Board is determined on the basis of a 
complete knowledge of the system, as the assumption implies. The 
application of the Transportation Problem will determine how well the CWB 


achieves this transportation cost minimization standard. 


4.2 THE DUAL PROBLEM 


The function of the dual problem is to set commodity prices at sources and 
destinations so as to maximize the rent obtained from transportation 
services performed while not creating price differentials along any 
routes which exceed transportation costs. The duality theorem of linear 
programming states that the optimum value of the dual occurs when the 
pattern of shipments is optimal with respect to the transportation costs. 
The minimum value of the primal problem is therefore equal to the maximum 
value of the dual problem. The dual problem provides a useful tool for 
analysing the primal solution. The dual is generally used for the 
economic interpretation of the primal problem. The dual variables are 
used to evaluate the cost of altering the resource allocations between 
supply and demand points within a spatial system as reflected by the 


transportation costs. 


Mathematically, the dual of the transportation problem maximizes the 
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linear function 


n m 
(5) Max: a =) vi.0i - St si 
j=l i=1 
where 
Z' is the value of the dual objective function, 
vj represents the selling price of the commodity x at 


destination j} reflecting the increased cost in the 
objective function resulting from an increase of one 
unit of demand at destination j, 

Dj is the total amount of the commodity shipped to 
destination j, 

ui represents the buying price of commodity x at 
origin i reflecting the reduced cost to the 
objective function resulting from an 
increase of one unit of supply at origin i, 


Si is the availability of the commodity at origin i. 


Conventionally the dual problem is subject to the inequality constraints 
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vj and ui >0 (isl eeamvand {Hi a) 


The dual variable ui represents the comparative advantage of producing in 
region i resulting from spatial competition derived from its proximity to 
demand points. Likewise, vj measures the comparative cost of demand 
points competing for limited resources. In general ui can be considered 
as the marginal value and vj the marginal cost associated with an 
additional unit coming out of origin i and into destination j. A high 
value of ui is associated with supply regions located in close proximity 
to a demand point. Places with high values of ui are subject to low 
tranportation charges to the optimal demand point. The farthest supply 
points have relatively low values of ui reflecting the relatively low 
level of locational advantage compared to the closest supplying regions. 
These remote areas are subject to the highest transportation charges. The 
relative attractiveness of market points is determined through the 
evaluation of vj. The value of vj reflects the increased cost to the 
objective function of shipping an additional unit of supply to demand 
point ajte Altlow values ofy viimindicates#tiati tinereasededeliveriesmrotthec 
destination are most favourable because low values of vj are less costly 
to the entire system than deliveries to places of higher values of vj. 
The relative costs of changing the demand capacities among destinations 
can be determined by calculating the differences between the vj values of 


destinations under consideration. 


oh wetaabatg To sgetnayves cae 
ot edieizesg 2 tf dosd bevitah canada Labenge payee st 
bimiey ib taco 207 Sepa wnt) poe i eat og 
haratitanan sdonan dx tvagaag wl pre Riana: 
jin Wébw teduetonzAn 7209 fanigian Sir wma satel alain 
deni & of aplaanpiags arth. bigh.ty VERA O 19 sue amustded ap 1 
vaitixary Seals ni batésol arnrget qogaen WE hadsionges as 10 3 
wel) eo sobhive ott luo ie siusen tigi’ ikriw ebonta. | arg 4 
vide 5 alana sit She hndaed best aqd art? pov bepzeny 
ot elayigiie: ste gaigestten tap To xzstilav rsd ‘elaobanten rata 
afoiie'l Bai wlqale faesq.S 4h) 7 osasqmos ny aneube’ tniaeaoeel : alia a _ 
aif .<optbip ac lana2egenetayftenrgin As ocr ing KdweSr a Bese, hiatal dT 


sitit, itp watts han lggssot, ae) Gfaton tatrae Be eegae Es oS3R, —_ th 
sil co senu pease. df esoulios fy to “rier sar ene 
indeed) of viegis To rrp tg fcsithde ne genta de” Tho: noizouet 
ais c) mat ysuAtel:  bebansoi Vanilt derirpbrt (8 oedipal 
eleapd 2eh) Ono LY FO antes Jo) 4a0bs eu aldéauoups on ka 
iy 20 genlev.sengid’ zo aacelst ow doiteyi ish a Y 
anagtaniseel gies alate aid themed dile ganystato. in. ze0 £ 


in eaey (oete chawdad gbanereTTb ois anieelonts 
¢. 


oe 


nos Td 


; ET = 
| 38 mcr if 
7" 
7 : _ 
ae 
; _ 7 ra =" 


yh) 


The constraints of the dual problem assess the desirability of the 
delivery of an additional unit of resource from ito j. If an extra unit 
of supply is added into the resource allocation and a unit is shipped from 
i to j, then there will be an additional transportation cost per unit, 
Cij. However, this will reduce the need to both ship that unit out of 


Sources 1; savings lingcosts andytotshipwthatwanit to destiandtiontis 


saving vj. The net change in cost is 


(7) Gijd-beveee ui). 


The constraint expressed in equation (6) states that if this change is 
negative then the direct shipment from i to j is attractive and can be 


added to the solution. 


Supply regions with high values of ui are more favourably located for 
production in terms of the cost of sending the product to market than the 
regions with low values. This transportation cost advantage is 
undermined, however, by the lack of additional capacity production 
available in a spatially organized agricultural system. The producing 
areas located nearest the market are the most desireable lands and 
therefore the most costly. The land is cultivated to achieve the highest 
yields thereby maximizing the benefit of the locational advantage. The 
difference between the values of ui at two spatially separated supply 
regions indicates the transportation cost or savings of shipping an 


additional unit from one origin rather than the alternative source. 
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The value of ui and vj are generated from the transport cost structure. 
The difference between the value of ui and vj in the optimal solution is 
equal to the transportation costs between i and j. The constraints of the 
model specify that the value of ui and vj cannot exceed the transport 
eests froma to Ww The valuelofiui is highestvat themsiupplyvrésion*with 
the most favourable locational advantage because it is subject to the 
lowest transportation’ costs, hence the highest location rent. If an 
additional unit of supply was shipped from ui the impact on the objective 
function would be the smallest. The farthest location is subject to the 
poorest locational advantage, having the highest shipping costs, hence a 
corresponding low value of ui reflecting a low value of location rent. In 
the event of an additional unit of supply shipped from that location, the 
additional cost to the objective function would be relatively large. The 
most attractive regions for increased production are situated at places 
with high values of ui relfecting high location rent and relatively low 


transport costs to market. 


Although the formulation of the general Linear Programming model assumes 
thats tesource (Savailabilities are’ constant, thére ais frequently 
flexibility “in the resource aliocation., ~The relative! costs or savings 
resulting from changing the resource availabilities and demand capacities 
among destinations can be evaluated in a spatial context. The dual 


variables can be utilized in sensitivity analyses. 


Location rent surfaces can be generated (Steven, 1960) in order to easily 
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79 
identify favourable production and consumption regions. Supplies should 
be increased in areas of high values of ui because transportation costs 
Wadde;bensless gthang increased; production in| other: necions.péSimddarly, 
demands at points with low values of vj should be increased because it is 
least costly to the entire system. The delivery from supplying regions of 
high ui to destinations of low vj are most attractive for maximizing the 


dual objective function. 


The interpretation of the dual variables allows a comparison with the dual 
price structure to determine the extent to which the actual transportation 
costs diverge from the ideal rate structure in a perfectly competitive 
market (Koopmans, 1948). If the rates do not reflect marginal differences 
in costs created by spatial disadvantages, then there is no incentive for 
the shipper to operate with spatial efficiency. Generally, location rents 
are critical to the analysis of spatial economies.. Although they are 
dependent upon the actual transportation costs determined by the entire 
structure of demand and supplies, they are useful for evaluating the 
relative costs “of overcomings “the “friction -of distance in support of 


inter-regional trade. 


4.3 SOLVING THE TRANSPORTATION PROBLEM 
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The Transportation Problem of Linear Programming can be solved by manual 
om computer, methods .t Wm eachvicase’ ane initial beasdblé  ssolutioni as 
determined and then evaluated. While several solution methods have been 
developed, the UV Algorithm is used in this research to obtain the primal 
and dual solutions to the problem at hand. The mathematical computational 
package used in this study known as *LPTRNS was developed by Smillie 
(1971). It utilizes the dual solution to solve the Transportation Problem 
in equality form. The constraints of the problem specify that total 


supplies must equal total demands. 


The UV algorithm maximizes the dual objective function after an initial 
feasible solution is generated. Other solution algorithms minimize the 
primal function of the problem to determine the least cost shipping 
patterns. Both types of solution methods operate on an iterative basis 


until the function is minimized or maximized. 


4.3.1 Solution Theory 


The general Linear Programming simplex tableau for the Transportation 
Problem has mtn-1 rows and mnt+m+n+l columns (Hadley, p. 284). The 
Transportation Problem, however, is a special application of Linear 


Programming. As such the supply and demand specifications derived from 
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81 
the origin and demand constraints produces a sparce matrix containing only 
m x n cells. Hadley (1965) discusses the matrix algebra theory behind 
this unique matrix, known as A, which has allowed the development of 
efficient algorithms to solve the Transportation Problem. The results of 
this approach simplifies the Transportation Problem to a matrix of m 
origins and n destinations rather than the simplex tableau of m+n-1 rows 
and mntmtn-1 columns. The matrix of m origins and n destinations is known 


as the Transportation Tableau as presented on Figure 8 on page 82. 


The total number of variables, N, in a linear programming formulation of 
the transportation problem is equal to the product of m xn, where m is the 
number of sources and n is the number of destinations. M represents the 
number of linearly independent constraints equal to mtn-1. While each 
source and destination has its own constraints, the solution of the mtn-i 
equations Sspéci fies the “solution of “the Mine equation.«the.final 
equation is a linear combination of the other equations and therefore 


redundant to the system of linear equations. 


Any solution to the problem “consists of both basic and non-basic 
variables. The difference between the basic and non-basic variables are 
best described in the context of the Transportation Tableau representing 
the origin-destination matrix. Basic variables represent allocations 
between the corresponding supply and demand points and are usually greater 
than zero. Non-basic variables are set equal to zero, indicating that 


allocations between the i and j pair are not being considered in the 
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THE GENERAL TRANSPORTATION 
PROBLEM TABLEAU 
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transportation cost of one unit between i and j 


supplies at j 


demands at j 


units of the commodity required to be shipped 


from i toj 


From : HADLEY, pg. 285. 
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current solution. 


In this application of the transportation problem there are forty-nine 
origins and four destinations, the total number of variables in the model, 


N, equals 


=mxn=49 x4= 196. 


The total number of linearly independent constraints equal tom is 


M-=pmetene> t= 495084 og] = 528 


A basic solution to the general transportation problem is obtained by 
setting N-M variables (196 - 52 = 144) equal to zero and solving for the 
remaining M variables (m+n - 1 = 52). The fifty-two variables referred 
to as the vector M are known as the basic variables, forming the solution 
basis. Each variable of the basis provides the origin-destination 


allocation of the resource. 


An initial basic feasible solution consisting of m+n-1 positive Xij's can 
be determined by several methods especially adapted to the Transportation 
Tableau. The Northwest Corner rule has been discussed by Charnes (1961), 
Dantzig (1963) and Hillier and Leiberman (1967). The procedure begins at 
the northwest corner of the transportation tableau. An allocation is 


assigned to the first cell satisfying an origin or demand requirement. 
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The ‘'rims' of the Transportation Tableau specify the total supplies 
available at each origin and demands required at each destination. The 
value assigned to any cell will contribute to satisfying the constraints 
but never exceed the rim requirements. The final allocation, which is 
dependent upon the prior assignments meets the entire system of 
availability and capacity constraints with exactly mtn-1 positive 


shipments. 


The Northwest Corner procedure is a fast method to obtain an initial 
feasible solution, however, the allocations can be far from optimal. 
Other methods of selecting a less costly initial feasible solution are 
dependent upon intuition and an evaluation of shipping costs. The actual 
shipping pattern may be incorporated into the initial feasible solution. 
Intuitive evaluations and computational problems associated with large 
Transportation Problems render these techniques less efficient when large 
computers are available and are utilized to quickly and cheaply determine 
the minimum shipping cost solution from an initial feasible solution that 


may be far from optimal. 


4.3.2 The UV Algorithm for Solving the Maximization Function 


The Stepping-Stone solution algorithm was introduced by Charnes and 
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Cooper (1954) to determine the solution to the Transportation Problem. It 
solves the primal problem of the Transportation Problem and is based upon 
the reduced Transportation Tableau. The Stepping-Stone algorithm is a 
simple, manual solution method involving the addition and subtraction of 
allocations among cells given an initial feasible solution. It is derived 
from the general simplex method applicable to the solution of the general 
Linear Programming problems, incorporating the simplified nature of the 


Transportation Tableau. 


Dantzig (1951) presented a method, the UV algorithm, for determining the 
optimal solution which is simpler than the Stepping-Stone technique. It 
is based upon the consideration of the mtn equations of the transportation 
problem tableau and the set of mtn dual variables. The dual variables, 
represented by the row vector D = (ui,u2,...um,vi,v2,...vn), are 
associated with each row and column of the tableau. Smillie's (1971) 
version of the UV Algorithm is based upon the equality formulation of the 
Transportation Problem. The procedures used to the solve the problem are 


presented by Hadley (1962) and Gass (1975). 


Once the Northwest Corner procedure has determined an initial feasible 
solution the UV algorithm is used to test whether the solution is optimal. 
The procedure is based upon the dual constraint of the equality 


formulation of the linear programming problem 
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86 
The value of the first ui, ul, in the initial feasible solution is set to 
zero. Because Cij are known for all the cells, the value of vj can be 
determined to meet the constraint ul+vj=Clj for cells in the basic 
solution. These known values are then substituted in the equation 


uitvj=Cij to solve sequentially for the ui and vj corresponding to the 


celts *inm thelbasas- 


The next step is to calculate the indirect costs by calculating uitvj-Cij 
for each cell not in the initial feasible solution. If all these indirect 
costs, uitvj-Cij, are less than zero then the solution is optimal and the 
procedure terminates. If one or more indirect costs are equal to or 
greater than zero a better solution exists. The indirect cost indicates 
which cell is the best to bring into the basic solution. The largest 
value of uitvj-Cij is identified as the pivot, the cell to enter the 
solution. The row and column of the attractive cell idenitifies the pivot 
row and the pivot column. If it attractive to ship one unit of the 
commodity between the origin and destination, then it is profitable to 


ship as much as possible over the attractive route. 


The value of Xij to enter the allocation is chosen by determining the 
smallest variable which appears in the pivot row and column. This cell 
will leave the allocation by losing the value of Xij thereby driving the 
variable to zero. In order to maintain the rim requirements, the value of 
Xij must be added to an allocation in either the corresponding row or 


column. The value of Xij is added and subtracted to each cell in the loop 
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maintaining the rim requirements until it is added to the cell which is to 
enter the allocation. Hadley (1962) discusses the linear independence of 
thesslLoopawhichsfresultsisinethesireal location of Migs ito vobtaingral better 


solution of mtn-1 allocations while maintaining the rim requirements. 


Once the improved solution has been determined, the values of all the ui 
and vj are again calculated for each cell not in the basic solution. The 
first value of ui is again set to zero and the procedure to solve for the 
remaining ui and vj values continues until completed. The values of the 
indigect Costs, wUity)}-Cij,, are tthen calculated foraalio celdsenotiins the 
solution. If all wuitvj-Cij<0 the solution is optimal and the process 
terminates. Otherwise, the procedure repeats itself until all 
uit+vj-Cij<0O. The resulting allocation provides the optimal solution to 
both the primaljand dual problems, »For all .allocations in»the optimal 
solution vj-ui=Cij indicating that the difference between the buying 
price at the origin and the selling price at the destination is exactly 


equal to shipping costs. 


In the equality formulation of the Transportation Problem ui represents 
the increase in cost to the entire system in the event of an increase in 
supplies at i and vj represents the increase in cost to the entire system 
in the event of an increase of demand at destination j. Conventionally 
the UV algorithm is solved by evaluating the costs associated with the 
capacity constraints, ui, and the savings associated with increasing 


demand at destinations considered attractive by virtue of the 
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88 
corresponding transportation rates. This interpretation is based upon 
the inequality formulation of the Transportation Problem. Because the 
interpretation of the dual variables subject to equality constraints is 
different from the interpretation based upon the inequality formulation 
of the problem the dual varibles determined by the algorithm used in this 
study were arithmetically altered to allow conventional interpretation. 
In the inequality formulation of the supply constraint is multiplied by -1 
to reverse the inequality sign to be consistent with the balance of the 
constraints. This results in ui being the reduced cost to the objective 
function in the event of an increase in Si. In order to reflect this in 
the equality formulation of the model the values of ui were multiplied by 
-1. The smallest value of ui (the most negative value) was then added to 
each value of ui and vj so that the relative values remain constant and 
that all values are positive. The resulting. set of dual variables are 
consist with Stevens (1961) explanation of the interpretation of the dual 
solution where the highest value of ui is located nearest the optimal 
demand point and the lowest value of ui is located at the farthest supply 
point Wirequiredieitom meetimithemspeciftieds demands#9ecihe conventaonal 


interpretation of the dual solution is therefore possible. 


4.4. EMPIRICAL APPLICATIONS OF THE TRANSPORTATION PROBLEM 
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89 
The Classical Transportation Problem represents an entire class of Linear 
Programming problems pertaining to a variety of economic applications. 
Itsiwxelevance»tomthe» geographer tis) itsicapacitysto evaluateiMocational 
limitations of production capacity, distribution allocation schedules, 
networks) desi sisceecost itarit iswwandpithew effectasofithel malt iplicitys of 
commodities on increased transportation costs. The Transportation 
Evoblem hasy)beens appliedi*to'va wide tvarilety:cof Mcoordinatdon® lissues 
involving a large amount of transportation required to ship products to 
market and where the cost of shipping is an important component of market 
value. The -iransportation 'Problemieis ‘yparticularly ® *relevantll to 
geographers because it focuses entirely upon the costs associated with 


overcoming the friction of distance in pursuit of interregional trade. 


The Classical Transportation Problem can be extended by a variety of 
methods to improve the model's representation of actual circumstances. It 
can be modified to include many commodities or a variety of transport 
modes. Each of these expansions can incorporate transport capacity on a 
link basis. Varying production costs can be included in the model to 
assess the impacts of transportation and production cost relationships in 
a spatial system. The following review of applications of the general 
problem highlight the model's utility in assessing a variety of 


transportation issues. 


The dual solution of the Tranportation Problem has been used to identify 


regions which should change their production levels in order to take 
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90 
advantage of favourable transport tariffs thereby increasing spatial 
efficiency in meeting demands. Goldman (1958) investigated the least cost 
transportation requirements for the production and distribution of steel 
ininithermmnortheasterms region iofyathe «United; gStatesy eaChangings the 
geographical distribution of steel production has the effect of reducing 
the number of empty coal freight car movements while producing the final 
product closer to the markets. The net effect is the production and 
distribution of more steel with the same amount of transportation 
equipment through the improved utilization of rolling stock. Ghosh (1965) 
studied the dispersal of the Indian cement industry in order to identify 
regions which should increase their production capacity to reduce long 
distance hauls. The present production areas located near well 
established economic activity was detrimental to the national economy 
because of the associated excessive transportation costs. Dispersion of 


the industry was recommended. 


The Transportation Problem can be used to model potential market 
catchments. Spatial equilibrium prices are determined by the dual 
solution whereby attractive market regions are defined. The production 
andjytransport.jcosts | are)sincorporatedgsinto | thesess models... Sludges and 
Wallace (1958) applied the model to beef prices in the United States to 
demonstrate how changes in transportation costs, the geographic 
distribution of the population, regional income and beef supply alter 
prices and thereby the market. Koch and Snodgrass (1959) applied the 


model to the tomato processing industry in the United States. The 
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On. 
changing production capacities of the three main processing regions had 
increased total processing and transportation costs of delivering the 
finished products to the domestic markets. Their conclusions indicate 
which producing regions should increase capacity in order to minimize the 
aggregate costs of meeting demands. Boehm and Conner (1977) attempted to 
determine delivery patterns of raw milk from production locations that 
would minimize the combined costs of assembling and processing raw milk 
produced in each geographic region in the United States. The results 
indicated a necessary trade-off between a large number of small production 
plants operating at high cost and fewer plants associated with higher 


transportation costse 


The Transportation Problem can be utilized to simulate distribution 
patterns under alternative shipping tariff schedules. Morrill and 
Garrison (1960) applied the model to wheat and flour distribution in the 
United States. ieeundne that the location of the market did not influence 
location of production, the dual variables were used to indicate how 
transport pricing: /affects \interrégionalndistnibutionspatternsy Fedler 
and Heady (1976) also applied the Transportation Problem to interregional 
grain transportation in the United States. The least cost configuration 
of transportation and production costs under alternative transport 
networks and distribution systems were emphasized. Actual costs of 
transportation, rather than freight rates charged were used to indicate 


the impact of alternative rate structures on interregional flows. 
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Probably othe) most » popular) application of the Classical Transportation 
Problem is the evaluation of shipping programmes. Barr (1970) applied the 
model to the interregional distribution patterns of lumber and roundwood 
in the Soviet Union. The centrally controlled transportation 
administrative organization was shown to be inefficient in coordinating 
the shipment of commodities. Barr concluded that other location factors, 
in addition to shipping costs, such as regional economic development 
programmes explain the spatial location of the Soviet wood processing 
industry. Dent (1966) investigated the actual flows of wool from growers 
to markets in Australia. Transport costs, a significant component of wool 
marketing costs, were determined by road and railway. Discrepancies 
between minimum cost patterns and the cost of the actual shipping patterns 
may be regarded as a measure of the influence of other criteria such as 


backhaul rates, family tradition and personal preference. 


There have been several applications to the agricultural industry. Kondor 
(1966) studied the processing and distribution patterns of sugar beets in 
Hungary. The results indicate that significant transportation savings 
could accrue to the improved coordination of railcar allocation. Haaland 
(1977) applied the Transportation Problem to distribution of grain stocks 
subsequent to a nuclear attack in the United States. The solution to the 
hypothetical problem can be infeasible because the precise location and 


degree of damage to the transportation network is unpredictable. 


Stewart and Ittman (1979) investigated the production and distribution 
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patterns of maize in South Africa. The application of the Transportation 
Problem resulted in a large number of solutions where rail costs are 
minimized. Monanu (1980) applied the Transportation Problem to the 
shipment of cocoa and palm kernels in Nigeria to export ports. The 
results) indicated:ithatasransportationi utilization couldebe! reducedtif 
actual deliveries were altered to represent the least cost pattern. In 
Canada, Tychniewicz and Tosterud (1973) investigated the impact of 
railway branch line abandonment and grain elevator rationalization on 
minimizing the total cost of collecting, handling and shipping grain to 
Thunder Bay from the Boissevain region of Manitoba. The actual flows 
indicated that farmers chose delivery points for reasons other than 
minimum transport cost considerations. Nevertheless, the results 


indicate that railways could realize savings in a rationalized system. 


Dunbar and Mehring (1978) applied the Transportation Problem to the costs 
associated with supplying coal otomticoal-burming plants in -the United 
States. The model was equipped to satisfy demands shifting between fuels. 
The transportation cost structures were altered to determine optimality 
under various schedules. Henderson (1958) investigated shipment of coal 
from producing regions to markets in Great Britain. Because particular 
supplying regions maintained underutilized capacity, transportation costs 
were more expensive than necessary. Land (1957) investigated the 
transportation costs associated with supplying a homogeneous grade of 
coking-coal to coke ovens in England and Scotland. The results indicate 


that significant savings could result from altering the distribution 
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94 
patterns. Land suggests, however, that the simplifying assumptions may be 
responsible for over-estimating the potential savings, the most serious 


of which is expected to be the assumption of homogeneity of the resource. 


As Land's research suggests, the assumption of homogeneity of the 
commodity must be addressed in transportation coordination modelling. 
Commodities may represent distinct categories or may be amalgamated into 
one classi icat ion seplhe @umpacterof ogradevmultiplicity: isitpartacularly 
imppebanteaitor Tlowle value~iihichewbudk? \resouncesé Abouchar (1971) 
investigated the transportation and production costs associated with the 
seventeen grades of cement processed in the Soviet Union. The shipping 
patterns departed slightly from the least cost pattern. He combined the 
seventeen grades of cement into one high quality grade and applied the 
Gransportation:iypreblemm ta) stheruset rrof associated production and 
transportation costs. The results indicated a significant savings in both 


production costs and transportation utilization. 


The present research investigates the short term efficiency of the 
Canadian Wheat Board's rail car allocation schedules for the delivery of 
Canadian Western Red Spring wheat to the export terminals of Thunder Bay, 
Churchill, Prince Rupert and Waneouver. ~ This, investigation is) not a 
scheduling problem per se, constrained by train size, “railway link 
Gapacity or payload tonnages. Rather, this is “an ‘evyaluation,.of the 
general level of efficiency achieved by the CWB over a study period. The 


transportation of wheat is internally constrained by the system's 
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DS) 
operational characteristics such as the number of railcars, locomotives, 
elevator handling capacity, contractual commitments and agricultural 
production levels. The transport rates per tonnage shipped are governed 


by the Crow rate structure as they apply to exclusive Canadian National 


and Canadian Pacific service areas. 


The goal is to minimize the total transportation costs thereby maximizing 
the amount of transportation service provided for the given supply of 
railway cars. The relationship between the number of grades shipped and 
the additional transportation costs associated with grade multiplicity 
are determined. Increased production should be encouraged in regions 
closest to demand points as this would result in the lowest shipping 
charge required to meet increased demand. Similarly, increasing demand at 
points with high values of vj would result in the greatest savings in 
Eransportationdicharves-<cedmrthe feventecof | anereased supplies pithemost 
attractive delivery schedules are between origins of high values of ui and 


low values of vj. 
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5.0 DATA SOURCES 


The Transportation Problem determines the minimum transportation costs of 
shipping a commodity from spatially separated producing regions to 
markets. An empirical data source is required whereby the transportation 
schedules based upon supplies, demands and transportation costs can be 
evaluated. The Canadian wheat export trade is regulated by federal 
statute and exclusively monopolized Canadian Wheat Board, a crown 
corporation. A complete set of shipping schedules is maintained by the 


Economics and Statistics Division of the Canadian Grain Commission. 


The Canadian Grain Commission provided the detailed shipment data by 
railcar unloadings necessary for modelling the Canadian grain 
transportation system. This*® ‘data P“is*+ comprised Poi the eroliowing 


information: 


Ige@thes point of loading specitiedgasBa*CN oreCPsgrain*shipping Dileck and 
the block name. Specific elevator points within the block were not 
provided due to elevator company confidentiality. The shipping 
block, however, has been demonstrated above to provide a practical 


basis upon which to perform the Transportation Problem analysis; 


Qe ithe points’or grain unloadings specified as the export terminals of 
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Thunder Bay, Vancouver, Prince Rupert and Churchill. Deliveries to 
inland terminals are not provided, as the data is utilized by the CGC 
strictly for export.truade.. The data doesnot include tuck receipts. 
those deliveries from unknown origins or deliveries from unlicenced 


Sr non=Prairie points: 


3. The grain code established by the Canadian Grain Commission. A total 
of two hundred and twenty codes are specified for all wheat grades, of 


which seventy-six apply to Canadian Western Red Spring Wheat grades. 


4. the year, month and date of the unload. 


5. the gross tonnage of the grains unloaded. 


A total of 246,423 railcar unloads occurred at terminal elevators between 
Julyseeo sand June, i9ga. Of Ehismtotal 2234:329> approximated ye 707, iof 
the deliveries were CWRS wheat unloads destined for export. There were 
thivtye Officrale grades’ classified by the CGC at the time *of*official 
grading at the point of unloading during the 1980-1981 crop year. The 
break down of the frequencies of wheat grades unloaded over the study year 
are presented on Table 6 on page 98. Shipments of grain that do not meet 
the’ Specitications*for the straight grades of CWRS are down=graded into 
lower grades. Grades of Soft White, Red Winter, Canadian Utility and Feed 
grain not classed as CWRS grades and not addressed in this study are 


unloaded for export representing the balance of the unloads for export. 
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TABLE 6 


GRADES OF CWRS WHEAT UNLOADED AT TERMINAL ELEVATORS 


Official Canadian Grain Commission Number of Total Tonnage 
Grade Description Unloads Handled 
Code 805072018 £0 
814206 23a 

10 ExGraeNo ..d0CWRo 113.57, 452 7, 0205, 000) 

20 Extra No. 2.CWRS=+13.5% 14 930i 25 
100 No. 1 CWRS Z 141,860 
tS Noy, 1iCWRS 1d..5% 254 14, 7415875 
OS) No 1CWRS +12°.5% 2A hGy 144557235995 
a Si) Non CWRS-71325% 635077 4), 260, 2195950 
145 No. 1 CWRS +14.5% oa Bal 92e150 
200 No. 2 CWRS a: 54,740 
25 Now 2 -CWRS L057 6,515 4072906, 625 
225 No. 2 CWRS 12.5% 231998 1, 25174784635 
235 No. 2 CWRS 13.5% 205242 O96 ,919R 785 
300 No. 3 CWRS GFR liS 4,367,374,460 
1010 Tough Extra No. 1 CWRS +13.5% 1 205790 
£E25 Tough No. 1 \CWRS 4+1225% a2 2,064,345 
ISS i) Tough No. 1 CWRS +13.5% 24 1 p0Se 340 
1145 Tough No. 1 CWRS +14.5% Z 158,415 
b215 Tough No. 2 CWRS 11.5% 50 ZO. 95 
#225 Tough No. 2 CWRS 12.5% 162 1055 17S 25 
i235 Tough No. 2 CWRS 13.5 261 16,680,680 
1300 Tough No. 3 CWRS ZO 156¢130,705 
a25 Damp No. 1 CWRS 12.5% 1 565.65 
Seeds: Damp No. 2 CWRS 12.5% 3 245,470 
5235 Damp No. 2 CWRS 13.5% vu WS LITO 
5300 Damp No. 3 CWRS 503 19,363,480 
8100 Rejected No. 1 CWRS (Stones) il 592799 
8135 Rejected No. 1 CWRS (Stones) 13.5% 1 61,780 
8145 Rejected No. 1 CWRS (Stones) 14.5% a 552420 
6225 Rejected No. 2 CWRS (Stones) 12.5% 1 60,695 
6235 Rejected No. 2 CWRS (Stones) 13.5% Z 136,965 


8300 Rejected No. 3 CWRS (Stones) 5 290,970 
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5.1 WHEAT GRADE AGGREGATION AND REORGANIZATION 


Grain grading activities at country elevators operate independently from 


the official grading procedures at terminal elevators. Due to space 


limitationsysrelated|ito ‘thei diverse; utility .ofdcountryr elevators,» CWRS 


wheat is stored in bins differentiated on the following basis; 


a ieiGWkSi Extra No. 1 


ln, (WINS ldeesal No. 2 


EG,  (huXS We, a 


d. CWRS No. 2 


e. CWRS No. 3 


£. eCanada Utility 


g. Canada Feed 


Canada Feed and Utility grades are usually admixtures of other grains and 


varities and are not included in this analysis. The emphasis of this 


study is on the straight grades of CWRS, listed above as the first five 
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categories. 


At the point of unloading a sample of the delivery is assessed by the 
O&facialenspectorse ofjethesCGC. stiticisrat athisepointdthath the athaxty 
grades are differentiated from the original five grades shipped from 
country elevators. The thirty grades established allow the CWB to blend 
grains to meet specific export commitments. Country elevators are not 


equipped nor adequately informed of requirements to undertake this level 


of differentiation. 


For this analysis the thirty grades are aggregated into one CWRS grade. 
This aggregation will demonstrate the additional transportation costs 
associated with grade multiplicity. This extreme grade aggregation may or 
may not be a practical marketing solution. Towthis sendsthepoffacian: 
thirty grades are regrouped into the»‘three main grades «traded 
internationally, namely CWRS No. 1, No. 2 and No. 3, as presented on Table 
7 on page 102. The aggregation of grades into the main grades marketed 
internationally was conducted to determine the optimal shipping costs for 
aeveet. ofstthreemtypesmof gnaindrawn jfromy thewpreducingdareass] | bias 
expected that the transportation costs required to support a system of 
thirty grades will be more expensive than that required for a system of 
three grades. Once the thirty grades arrive at their destinations they 
are mixed with other wheat in its grade and with wheats of other grades to 
blend the grade down in standard or up in standard as required by the 
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101 
transportation costs associated with maintaining a strict grading regime 
in the producing areas that ultimately faces blending at terminal 
elevators. Since the 1980-1981 crop year Extra No. 1 and Extra No. 2 have 
been eliminated from the grading structure and replaced with a premuim 
payment on country deliveries of wheat in excess of 13.5% protein. As a 
result, CWRS Extra No. 1 and CWRS Extra No. 2 have been absorbed by CWRS 


No. 1 and CWRS No. 2 respectively. 


The component grades of each of the three new classifications are based 
upon the standard of quality criteria specified on Table 1 on page 21. 
The official grades in each of the new categories are distinquished by 
protein and moisture levels. Protein “levels are ‘nots universally 
ascertained at country elevators because of the costs involved in the 
acquistion of testing equipment and the subsequent requirement “Lor fan 
additional number of storage bins in the elevators. Tough and damp 
grains, on the other hand, are tested at country elevators. Presently, 
however, the grain transportation system does not distinquish between 
ordered moisture levels and? the delivered” load. In fact, if the CWB 
orders grain to meet export contracts iv may receive unloads of all tough 
and damp grades that must be dried before vessel loading. Besides the 
protein and moisture level differentiation, only eleven rail car unloads 
were graded ‘rejected’ on account of excessive stone content. Stone 
content can be reduced by appropriate sieving to meet the straight grades, 
eliminating the term 'rejected' from the grade name. The resulting three 


categories of grades represent a practical disaggregation of CWRS wheat 
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RECLASSIFICATION OF OFFICIAL GRADES OF CWRS WHEAT 


Grading Scheme Used Official C.G.C. grading Scheme and Description 
in the Analyses 


CWRS New No. 1 10 ExXtraeNow J CWRS 19-57, 
100 No. 1 CWRS 
Tis NO we CWRSe+1155% 
125 Nowell CWRoieri2 5% 
135 NOseasGWRo +13, 57, 
145 Novel CWRS +14.5% 
1010 fgousheixtsa Now 1 CWRS lots. 
ViI25 GaWoucheNosel CWRSet 265% 
bi35 Tough=No. 1 GWRS*F13 257 
1145 Tou gheNowelsCWRS* 414157 
Sa) Damp No i CWRS’ 12.5% 
8100 Rejected No. 1 CWRS (Stones) 
IBS Rejected No. 1 CWRS (Stones) 13.5% 
8145 Rejected No. 1 CWRS (Stones) 14.5% 


CWRS New No. 2 20 Extra No. 2 CWRS 413.54 
200 No. 2 CWRS 
215 Novez CWRS=] ii % 
225 Now) 260WRs el 267 
235 Noe e2eGWRSelo.5,% 
1285 Tough Noie2sCWRS, 11.5% 
i225 Tough No. 2 CWRS 12.5% 
1235 ToughsNoie2 iCWRSiyai3e5 
Di22o Damp No. 2 CWRS 12.5% 
5235 Damp No. 2 CWRS 13.5% 
S225 Rejected No. 2 CWRS (Stones) 12.5% 
8235 Rejected No. 2 CWRS (Stones) 13.5% 


CWRS New No. 3 300 No. 3 CWRS 
1300 Tough No. 3 CWRS 
5300 Damp No. 3 CWRS 
8300 Rejected No. 3 CWRS (Stones) 


One Grade All Above Grades 
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necessary to meet export requirements. 


5.2 SUPPLIES AND DEMANDS 


In this application of the Transportation Problem the total supply of CWRS 
wheat is equal to the total demand as determined by export contracts. 
Supplies that are not shipped do not enter this data base of the CGC and 
therefore represent carry-over stocks not addressed in this study. The 
producers were able to deliver all the CWRS wheat they wished during the 


study year (CWB Annual Report 1980/1981, p. 14). 


The annual tonnages of each of the thirty grades delivered from each 
origin block were calculated. Likewise, the tonnages of each grade 
delivered to each of the four terminal elevators were calculated for the 
entire crop year. These availabilities and demands for each of the thirty 
Otficdialetieradess represent the erawe datahanput. intoe thee Transportation 
Problem. The tonnages of each of the thirty grades can be reorganized 


into the grading schemes addressed. 


In order to evaluate the actual transportation patterns against the 
optimalisolutions, origin and destination matrices were constructed for 


each grade. These matrices can be combined to evaluate savings accruing 
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from grade aggregation. Each element of the tonnage matrix is multiplied 
by the corresponding element of the cost matrix to ascertain the total 


actual costs of the delivery programs. 


In this application of the Transportation Problem mathematical problems 
relating to the maximum dimensions of the model and the significance level 
have arisen. In terms of the dimensions, the resource availabilities and 
demands must be specified as integers. Therefore the maximum number of 
kilograms allowed as input must be less than 2**32 or 4.295E9. Because of 
the high bulk nature of the grain transportation industry and the use of 
cents for transportation tariffs instead of dollar decimal notation, this 
maximum value has been found to occur in many cases particularly for the 
grade aggregation analysis. In addition, the algorithm used in this 


analysis requires that total supplies must equal total demands. 


These restrictions resulted in some changes to the model to allow for 
storage and manipulation of the data. For the cases of CWRS No. 3 and No. 
dyad 3.5% proteine (Gradest S00mand) 155, respectively) and for each of the 
aggregated grades (All Grades, New No. 1, New No. 2 and New No. 3) a minor 
adgusitments \had@toabe madestwihesmodel eis equipped jtoyxead al series, of 
origin-destination matrices derived from the CGC computer tape of 
deliveries. The inputed sums of the availabilities and the demands were 
divided’ by ten. in each’ of these identified cases. ihis resulted inj the 
sum of the demands exceeding the sum of the supplies due to rounding error 


in the cases presented on Table 8 on page 106. This fact is contrary to 
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the specifications of the general Transportation Problem as the demand 


constraints can never be met thereby terminating the models functions. 


To solve this problem the difference between the sum of the demands and 
the sum of the supplies were determined. This difference had to be 
subtracted from each of, the demand constraints. Touachieve this, the 
proportion of the total tonnage handled at each of the terminals was 
calculated. The appropriate percentages of the calculated difference was 
subsequently subtracted from each of the demand constraints. This 
resulted in a set of input parameters that would meet the specifications 
of the model and allow it to preform. The magnitude of these distortions 
relative to the total tonnages handled are not expected to be significant 
in the solution representing a very small proportion of the total tonnages 
handled. In addition the exponential notation, significant to seven 
digivss used to ‘calculate the total’ ‘cost “as*® determined by the 
Transportation Problem tends to minimize the effect of small differences. 
The use of exponential notation eliminates the possibility of determining 
emalleecditterences. Jin transportation. sshapping. 2 patterns, oh SaaS 
especaaily critical forsthe evaluation von optimal, patterns derived itrom 
the exclusive CN and CP networks and the combined network. In essence, 
the use of exponential notation directs one's attention to somewhat 


Siciileicaditeditterences - 


Demand points not receiving deliveries were assigned a demand of one in 


order for the algorithm to assign a value of the dual variable vj for 
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TABLE 8 


GRADES AFFECTED BY 


DIMENSION AND ROUNDING ERRORS 


Grade Tonnes Subtracted Total Tonnages 
From the Total to Handled 
Match Availabilities 
and Requirements 


135 15102 LO 2605 22 1 
300 1.565 4.367 3376 
New No. 1 2.967 6287567 
New No. 2 ey sulle | 3,918,624 
New No. 3 e500 455432161 


One Grade 8.667 14,749 ,442 


ee 
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evaluating the solutions. The closest supply was increased by one unit to 
meet the increased demand. The additional transport costs to the primal 
objective function were subtracted from the total cost of the allocation 
and the allocations disregarded from the analysis of actual patterns. 
However, the value of vj assigned to the destinations provide a measure to 
evaluate alternative demand patterns. The transportation costs to Prince 
Rupert are the same as the costs to Vancouver. The difference in values 
Of vj renlect 8the attraction of the non-wtilizea port for mmcreased 
business. The value of vj at destinations without any actual demand are 
equal to the transportation costs from the origin supplying the one unit 


of demand. 


JEGaron TPPINGSCOSmMS 


The Crow Rate structure is utilized to derive the minimum cost shipping 
pattern of grain deliveries by rail in Western Canada. Grain freight 
rates pare» iestablished® iby federal government statute. Crow Rates to 
Churchill and Prince Rupert are established only for deliveries from CN 
elevator Whboints.. ee Therefores.« CNemonopolizes Jallitgrains déliveries to 


Churchill and Prince Rupert. 


To determine the efficiency of the actual delivery pattern the costs 
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associated with the restricted links from CP shipping blocks to Churchill 
and Prince Rupert are set at a very high rate per weight. A high cost will 
foree the@solution® algorithm to’-seek a lesser cost/route to solve the 
pertaining supply and demand constraints. The cost matrix applied to the 
delivery of CWRS wheat for export representing exclusive railway service 
areas, hereby referred to as the EXCLUSIVE transportation cost matrix, is 


presented on Table 9 on page 109. 


Nevertheless, examination of the Transport Canada Crow Rate maps can 
provide a basis for reasonably accurate estimates applicable to a 
theoretical analysis. In ordéx® to perform CN *and CP raz’ Tine 
compatibility analyses Crow Rates from CP elevator points to Churchill 
were drawn from the Transport Canada map of Crow Rates to Churchill. 
These rates represent a close approximation of the expected rates, as CP 
elevatormepoinusr™ are not included on !Transport/?Canada s “sraphic 
presentation of rates. Freightwrrates to Prince Rupert, hewever, are 
Similar tomtehe rates from all Prazrie points to alPUPacific terminals. 
The transportation cost matrix from all shipping blocks to all terminal 
ports’ based™ipon Crow Rate structure, hereby referredto as the COMBINED 


transportation eostimatrix is presented on Table 10 on®page 110. 


Despite the exclusive service areas operated by the two railroads, the 
shipment categories addressed above allow divergence from strict 
adherence to the system. Direct shipment, non-reciprocal deliveries are 


by far the dominant types of deliveries, shipping grain from CP lines to 
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Origin 


O1 
02 
03 
04 
05 
06 
07 
08 
09 
10 
i 
12 
13 
14 
is 
16 
Ly 
18 
19 
20 
7 
PDs 
ae 
24 
oe 
26 
ZS 
28 
Pits 
30 
a 
Si 
IS 
34 
is 
36 
J 
38 
ag 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 


TABLE 9% 


(cents per metric tonne) 


Block Block Name 


O01 
03 
05 
07 
09 
id 
25 
L5 
L? 
19 
2d 
“Zo 
ZS 
ae 
29 
ak 
33 
BS, 
af 
39 
41 
43 
45 
47 
49 
61 
62 
63 
64 
rx) 
7p: 
Ue. 
74 
hs 
76 
77 
78 
Ay 
81 
82 
83 
84 
85 
86 
87 
90 
ee 
ay 
98 


Winnipeg North 
Winnipeg South 
Winnipeg West 
Brandon North 
Brandon West 
Melville 

Dauphin 

Kamsack 

Saskatoon Main 
Saskatoon South 
Saskatoon West 
Saskatoon North 
Prince Albert East 
Prince Albert South 
Prince Albert West 
Saskatoon East 
Regina South 
Regina West 
Biggar North 
Biggar West 
Edmonton North 
Edmonton South 
Edmonton West 
Hanna South 

Hanna West 
Keewatin 

La Riviere 
Carberry 

Brandon 

Weyburn 

Pasqua 

Bulyea 

Bredenbury 
Saskatoon 

Wilkie 

Assiniboia 

‘Swale Chescesae 

Out look 

Medicine Hat 
Brooks 

Lethbridge 

Vulcan 

Calgary 

Red Deer 

Edmonton 

N. Alberta R.R. West 
N. Alberta R.R. East 
British Columbia R.R. 
Great Slave R.R. 


Thunder 
Bay 


341 
Be! 
333 
Boy) 
386 
408 
430 
463 
474 
507 
518 
496 
485 
489 
534 
463 
430 
463 
p29 
a29 
(e)5 39) 
562 
OL] 
540 
584 
eel 
bye fe) 
364 
397 
430 
418 
452 
452 
485 
Be) 
496 
474 
496 
518 
562 
So 
a73 
617 
584 
584 
IIo 
eed, 
Sie, 
Be fe) 


Chimxccha it 


D6 
SEG 
496 
474 
507 
430 
430 
407 
474 
496 
496 
463 
418 
44] 
474 
485 
485 
507 
496 
507 
584 
Spe) 
ep he, 
540 
562 . 


Vancouver 


Aad 
761 
728 
683 
683 
672 
672 
661 
oP iS) 
562 
540 
540 
O95 
S62 
540 
595 
628 
617 
518 
a29 
463 
463 
452 
474 
474 
783 
LO? 
ta? 
672 
650 
606 
617 
661 
606 
Se) 
562 
595 
yl 
518 
474 
496 
463 
463 
463 
485 
507 
507 
507 
507 


EXCLUSIVE TRANSPORTATION COST MATRIX 


Prince 
Rupert 


739 
762 
728 
683 
683 
672 
672 
661 
273 
562 
540 
540 
59S 
a02 
540 
595 
628 
617 
518 
S29 
463 
463 
452 
474 
474 
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Origin 


O01 
02 
03 
O04 
05 
06 
07 
08 
09 
10 
it 
12 
13 
14 
£5 
16 
157 
18 
19 
20 
24 
Ze 
23 
24 
25 
26 
27 
28 
29 
30 
op! 
D2. 
be 
34 
She: 
36 
Si, 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
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(cents per metric tonne) 


Block Block Name 


O1 
03 
05 
07 
09 
11 
aS) 
15 
td 
19 
2d 
25 
25 
27 
29 
31 
35 
oo 
37 
39 
41 
43 
45 
47 
49 
61 
62 
63 
64 
Wak 
42 
73. 
74 
rhe) 
76 
tg! 
78 
ike) 
81 
SZ 
83 
84 
85 
86 
87 
90 
95 
97 
98 


Winnipeg North 
Winnipeg South 
Winnipeg West 
Brandon North 
Brandon West 
Melville 

Dauphin 

Kamsack 

Saskatoon Main 
Saskatoon South 
Saskatoon West 
Saskatoon North 
Prince Albert East 
Prince Albert South 
Prince Albert West 
Saskatoon East 
Regina South 
Regina West 
Biggar North 
Biggar West 
Edmonton North 
Edmonton South 
Edmonton West 
Hanna South 

Hanna West 
Keewatin 

La Riviere 
Carberry 

Brandon 

Weyburn 

Pasqua 

Bulyea 

Bredenbury 
Saskatoon 

Wilkie 

Assiniboia 

Swift Current 

Out look 

Medicine Hat 
Brooks 

Lethbridge 

Vulcan 

Calgary 

Red Deer 

Edmonton 

N. Alberta R.R. West 
N. Alberta RoRs Kast 
British Columbia: R.R. 
Great Slave R.R. 


Thunder 
Bay 


341 
331 
353 
Soy 
386 
408 
430 
463 
474 
S07 
518 
496 
485 
489 
534 
463 
430 
463 
529 
29 
639 
562 
617 
540 
584 
Jon 
p53 
364 
397 
430 
418 
452 
452 
485 
529 
496 
474 
496 
518 
iow 
Dow 
Dyes 
One 
584 
584 
595 
595 
595 
595 


Churchill Vancouver 


518 739 
518 761 
496 728 
474 683 
507 683 
430 672 
430 672 
407 661 
474 Sh 
496 562 
496 540 
463 540 
418 505 
44] 5O2 
474 540 
485 595 
485 628 
507 617 
496 518 
507 Sy) 
584 463 
Soul 463 
BPs) 452 
540 474 
5 O2e 474 
Soy 783 
5313 739 
489 To 
467 672 
SoG: 650 
489 606 
489 617 
444 661 
467 606 
ag D9 
SO) 562 
5 dd SNe 
489 a5 
S)S) 518 
578 474 
600 496 
578 463 
600 463 
578 463 
yi) 485 
SUIS) 507 
595 DU, 
See 507 
a) )e) 507 


COMBINED TRANSPORTATION COST MATRIX 


Prince 
Rupert 


739 
pOL 
728 
683 
683 
672 
672 
661 
575, 
562 
540 
540 
DoD 
562 
540 
Sek) 
628 
617 
518 
Sy Ae) 
463 
463 
452 
474 
474 
783 
Loo 
739 
672 
650 
606 
617 
606 
606 
pao 
562 
ay) S 
sey 
518 
474 
496 
463 
463 
463 
485 
507 
507 
507 
507 
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CP port facilities and similarly for CN. However, the other categories of 
deliveries, mnamely!udirect’Sshipment Creciprocal, direct shipment to 
Civigenilieend transit tratticeresult in deliveries trom CP blocks ato che 
ports of Prince Rupert tandicChurchill. Olteais Important to remember}; 
however, that in 1981 the Northern Alberta Railway became part of Canadian 
Nation Railways. The total of 204,318 tonnes of these irregular shipments 
represents 1.3% of the total tonnages under current investigation. These 
deliveries interfere with the analysis comparing the costs associated 
with the exclusive railway networks to the competitive network. The 
existence of this problem is mentioned where this situation becomes 
apparent. The tonnages delivered from CP blocks to CN terminal elevators 


are presented on Table 11 on page 112. 


The transportation tariffs do not vary among commodities despite the 
varying value of different grains and grades. Therefore, CWRS No. 3 wheat 
is shipped a the same rate as Extra CWRS No. 1 which has a higher market 
Values | this) type of service’ is convenient forthe purposes iof this 
mvyvestigacion. lhe transportation stariffs scontained in the matzaces 
represent cents per 1000 kilograms. The model requires integer input 
necessitating a manual adjustment to determine the optimal costs and 


potential savings. 
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DEGIVERTESSEROMTCR ORIGINS 70 THE CN DESTINATIONS OF 
PRINCE RUPERT AND CHURCHILL 


Origin Destination Grade Tonnage 
74 Churchill LS) 25244 
ES Churchad 125 Oey, 
76 Churchill 125 BS 7 
86 Prince Rupert 2S 454 
87 Prince Rupert pM ES) 4,185 
74 Chuccha i 225 12.525 
75 Gleabpee) nat Ni 22S 1 «SUS 
76 Churehii) 225 LI ys NOE) 
74 Chuschiy? 300 LORZ8S 
75 Churchill 300 L770 
76 Churchill 300 Gg .OLS 
82 Prince Rupert 300 164 
86 Prince Rupert 300 6,208 
87 Prince Rupert 300. 15039 
74 Churchill 1300 59 
86 _Prince Rupert 1300 LAL, 
87 Prince Rupert 1300 La 

Total: lo~Churenad 1705.0 
‘Total To Prince Rupert 87,259 


TOTAL 204,309 
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5.4. ANALYSES 


The efficiency of the Canadian grain transportation ‘system will be 
determined by comparing the empirical total shipping costs to the results 
obtained by performing the Transportation Problem of Linear Programming 
on the data base. The comparisions will be completed for the year as a 
total. The analyses, therefore, necessitate the following applications 


of the Transportation Problem; 


a. Total tonnage delivered over the study year classed as one 
commodity type charged Crow Rates as they apply to railway company 


exclusive service areas. 


b. Total tonnages delivered over the study year classed as one 
commodity type charged according to shipping rates as they would 


apply to a competitive railway transportation network. 


c. Delivered tonnages by grade over the study year charged Crow Rates 


as they apply to railway company exclusive service areas. 


d. Delivered tonnages by grade over the study year charged shipping 
rates as they would apply to a competitive railway transportation 


network. 
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The data parameters utilized in this study are therefore, commodity type, 
supplies, demands and transportation costs. These data parameters are 
used to determine the efficiency of the delivery patterns based upon the 


premise that sub-optimality arises from the following sources: 


1. Exclusive Canadian National and Canadian Pacific railway service 


areas and service networks. 


2. The additional costs of transportation resulting from the grade 


multiplicity. 


3. The cost of short term suboptimal planning in response to operational 
constraints of the transportation and handling system at the expense 


of long term efficiency. 


The causes of suboptimality are discussed in Chapter One. The analysis 
and the occurance of suboptimality arising from these causes is presented 


in the following chapter. 
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6.0 TRANSPORTATION PROBLEM ANALYSIS 


The Transportation Problem of of Linear Programming as been applied to the 
set of given supply and demand constraints to detemine the pattern of 
shipments between origins and destinations that minimizes the total 
transportation bill in such a way that contractual commitments are met. 
The Transportation Problem derives an efficient result by specifying that 
the prescribed set of demands, as given by the Canadian Grain Commission 
in this case, cannot be met at a lower total cost. The efficient patterns 
determined by the Transportation Problem are compared to the actual 
shipment patterns as provided by the Canadian Grain Commission for the 
L9SO0-1981 studyjiyear. The actual and optimal patterns) for eaciieor the 
grades of wheat discussed below are presented on origin-destination 


matrices in Appendix A. 


6.1 ACTUAL TRANSPORTATION COSTS. 


Aeenaleetransportation costs: for shipping CWRS wheat to export terminals 
was determined by multiplying each element of the origin-destination 
tonnage matrix by the corresponding element of the Crow Rate cost matrix 
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that is presented in the previous chapter. The actual shipping charges 
for the delivery of each grade, and the grade aggregation systems are 
presented on Table+12 om page 117. The>total cost of transporting 14.7 
million tonnes of CWRS wheat was $70,130,875. The following analyses will 
demonstrate how this cost can be reduced by efficient shipping schedules, 


grade aggregation and unrestricted commodity flows from all origins to all 


destinations. 


6.2 PRIMAL SOLUTIONS TO THE TRANSPORTATION PROBLEM 


The optimal separate costs of transportation as determined by by the 
COMBINED transportation GOSt matrixes for each of the» thirty acommodity 
grades "yields a total minimum cost, represented as Z1,!] of! $687,348. 586. 
This “répresents a saving of $1,2825289 (1.83%) from the actual shipping 


pattern. 


The optimal minimum cost for shipping one comprehensive grade, Z3, which 
includes the aggregation of all thirty grades is $68,562,410. | This 
represents a saving of $286,176 or 0.42% from the optimum costs of 
shipping thirty different grades. The minimum cost resulting from 


complete grade aggregation is 2.2% less than the actual shipping costs 
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118 
realized. A total of 4.568 million tonnes of wheat (31% of total tonnes 
handled) were reallocated to optimal destinations. The magnitude of this 
reallocation based upon the COMBINED cost matrix does not appear to be 


reflected in the objective function. 


The optimal minimum costs resulting from an aggregation of the thirty 
grades into three major commodity groups yields a total minimum cost, 
eepresented "as 22,901 966,623,490> This represents 2 saving Oren lot pom 
the actual ‘shipping costs or $1,507,385. This level of aggregation leads 
to a 0.33% saving ($225,096) over the optimal allocation of the system of 
thirty grades. Alternatively, three grades of the commodity result in an 


additional cost of $61,080 or 0.09% over the system of one grade. 


A high level of, efficiency has been shown to exist in the transportation 
coordination programmes of the Canadian Wheat Board. Efficiency can be 


attributed to the following reasons; 


Le An intuitive understanding of the location of supplies of grain 
grades gathered by historical precedent and the application of this 


intuitive knowledge to the allocation schedules. 


ine) 


The objective of the CWB is to coordinate transportation to move 
grain from the nearest supplying region from the demanding terminal 
(Boome Allen 01979 )#) 1 fhask obyécctive Sappéars evo bemachieved? onm@a 


consistent basis. 
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<7 The transportation costs from all points on the Prairie are equal 
to both Vancouver and to Prince Rupert. Therefore, the locational 
advantage of supplying grain nearby Prince Rupert may be undermined 
when grain is shipped to the farther port of Vancouver at the same 
cost to the CWB: Inefficiencies in operations are not, therefore, 
consistently or appropriately manifested in monetary terms to the CWB 


and to the transportation system as a whole. 


4, The »Grow pRates, do ynot effectively indicatesthe real costs) of 
providing the transportation service. The small difference between 
the least expensive rate and the highest rate may lead to a large 
number of inefficient deliveries resulting in only small overall 


additional costs to the system as a whole. 


While there appears to be only minor inefficiencies in the actual shipping 
patterns as measured by the total shipping cost, the allocations given by 
the Transportation Problem appear to be much more efficient. Delivery 
pabterns )acaney bew represented asp destreilineseron remaps Wandicatang 
inefficiencies of shipping schedules highlighted by the crossovers of 
desirelines. Although desirelines do not show volumes they indicate that 
all supplies are shipped. Actual shipment patterns can be compared to the 
optimal patterns represented as desirelines. The suboptimal shipping 
patterns can be easily identified by comparing corresponding maps. In 
most cases the actual shipping patterns are efficient for each of the 


thirty grades in such a way that the Transportation Problem could not 
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generate a lesser cost solution. In these situations the total tonnage 


handled is small and therefore the opportunity to achieve efficiency is 


maximized. 


Figumempomon page 121 represents the actual delivery patterns under a 
Syecemormone serade.s iThe map. showing! thecdesirelines: for the actual 
patterns was generated by noting all deliveries from all supply points. 
The multiple crossovers of desirelines indicate inefficiency. The 
optimal allocations clearly define supplying regions that represent 
commodity hinterlands dependent upon tariff structures to export ports. 
Origins 39, 76 and 81 represent supply regions having equal transportation 
costs to Thunder Bay, Vancouver and Prince Rupert with lower rates to 
Churchill. Therefore, the Pacific Coast can only realistically expect to 
handle the grain from Alberta and perhaps the most Western points of 
Saskatchewan based upon the given demand structure and transportation 


COS SieLucrEune:. 


Actual hauling costs relative to each delivery route may suggest 
alternative supplying regions. The actual hauling costs should be used to 
determine the best origin-destination patterns of delivery. On the basis 
of actual costs the CWB could attempt to minimize the overall costs to the 
railways and to the entire system as _aswhole rather than\minimizing the 
losses to the CWB as reflected and measured by the Crow Rates charged to 
the Board as compensation for transportation services. Canadian railway 


eestine systems (do, mot provide linesrelated”  coststymore! grain 
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FIGURE 9 ONE COMPREHENSIVE GRADE 
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transportation except on grain dependent spur lines. 


There are cases where the CWB clearly does not follow the guidelines 
promoting efficiency where grains are shipped to the closest port. In the 
cases of CWRS No. 2 at 13.5% protein (Grade 235), for example, deliveries 
are made from across the Prairies to Thunder Bay as shown on Figure 10 on 
page 123. Savings cannot be generated by an improved allocation schedule 
because Thunder Bay is the only demand point, rendering the problem 
trival. The total tonnage of CWRS No. 2 at 13.5% protein wheat handled 
eepresents 1156, of the total shipping “costs andwl7 O77 momecue arocal 


tonnage handled. 


Simmglarly in the case of CWRS No. Wat 11.5% protein? (@radeu ™5 ) Gail 
shipments are destined for Prince Rupert except for one shipment to 
Thunder Bay as shown on Figure a1 on page’ 124. ihe@savyinges of $23500 
besa from shipping from Origin 33 top Thunder Bayeuathere nan itcom 


Origin 35 to rhundersBay- 


CWREP No 1 at 13.5% protein (Grade 1355) represemes theylargest cost to tite 
System jin terms of transportation charges at 29.8%¥of the totalactual 
eosts.) The pattern of actual deliveries "suggests an® opportunity to 
increase efficiency aS shown onmPagure 12 on page 126 "in peace, jthe 
optimal delivery patterns would result in a saving of 1.86% from the 
actual costs of shipping this grade representing awdecrease in costs vet 


$382,835. This grade contributes 28.9% of the total tonnage handled over 
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25 
the study period. Possible cost savings for this grade represent 29.9% of 
the total possible savings under a system of thirty grades. In terms of 
market value, CWRS No. 1 at 13.5% protein generates the highest return of 
all Canadian wheats traded internationally. It is interesting to note 
that possible savings in the delivery allocations of this grade represent 
the most inefficient scheduling with the exception of CWRS No. 3 which is 


marketed at a lower price. 


CWRS No. 3 (Grade 300) represents the lowest grade of red spring wheat in 
Canada and is often marketed as a feed or utility wheat or for blending 
down higher quality grades. It has, therefore, a correspondingly lower 
market value. Nevertheless it represents 29.6% of the tonnage traded over 
ther study yearwand. 28.67 of the total UWactual-"transportarzon™ costs. 
Because the Crow Rates are applied to all commodities on a tonnage basis, 
transportation costs represent a relatively higher. proportion of the 
total market value of CWRS No. 3 wheat. In addition this grade is 
characterized by the poorest allocation schedule as evident ion" Figure 13 
on page 127. Inefficiencies in shipping CWRS No. 3 wheat account for 
3425% of the possible savings in a system of thirty grades. Asfa result, 
transportation costs represent an even larger proportion of the value of 
this commodity. Optimal shipment patterns could reduce the total shipping 


bill by 2.2% at a saving of $439,130. This would lead to a total optimal 


cost of shipping this grade of $19,742,740. 


The shipment pattern of Tough CWRS No. 3 (Grade 1300) represents the third 
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largest opportunity for cost reductions under optimal delivery scheduling 
as shown on Figure 14 on page 129. The actual cost of delivery could be 
pecuced= by 33.9% “ores5224.,886.......Possablewsavings from, therserficient 
delimyery Ofethis grade account for 17.54% of the total savings in a system 
of thirty grades. This grade, however, does not represent a large 
contribution to the total costs of the transportation system despite the 


opportunity for a significant reduction in transportation costs. 


Wheagr iclassed Vasmeoucn CWha SNo. 1 at) l2/5% protein’ (Grade 1123) 
demonstrates the CWB's success in optimizing its shipment scheduling as 
shown on Figure 15 on page 130. Transportation costs to Thunder Bay are 
the same from the origins of 19 and 79, however, there are greatest 
savings from shipping supplies from origin 79 to Vancouver rather than 
from origin 19) Dhis, situebion, tilustrates the problems) of “uti lazing 
points to represent supplying regions. Origin 19 is west of origin 79 yet 
the average transportation cost from 19 are less than the average from the 


area represented by origin 79. 


6.3 EXCLUSIVE RAILWAY SERVICE AREAS 


The Transportation Problem was applied to the supply and demand 


constraints using both the EXCLUSIVE and COMBINED cost matrices to 
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FIGURE 14 TOUGH CWRS No. 3 (Grade 1300) 
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14) 
determine the additional shipping costs associated with the use of 
exclusive railway networks. The EXCLUSIVE transportation cost matrix 
Represents the possibilities of deliveries within the’ context of the 
exclusive CN and CP networks. Operationally this suggests that loadings 
from CN origins can be ae eever cd to any of the four terminal elevators 
and that loadings at CP origins may proceed only to Thunder Bay or 
Vancouver. The COMBINED transportation cost matrix allows deliveries 
between all origins and all destinations. Possible cost savings would 
suggest that inefficiency results because grain from CP points must be 
delivered to the farther ports of Vancouver and Thunder Bay requiring 


higher transportation charges than deliveries to closer places. 


In all but two cases the results of the Transportation Problem indicate 
that savings would not result from a combination of two railway facilities 
Shayene basSts.of the given transportation’ taritise™ Une case) refers (to 
CWRS No. 2 shipments of 11.5% protein (Grade 215)as presented on Figure 16 


on page 132. 


The wacultieeshippinge costs for “GWRS= Nok 2 at 21.5, protein devel was 
$2,205,742 Uitesuncluded the délivery of 4/20: tonnes: from CP origins to 
Prince Rupert. Under the restricted EXCLUSIVE network deliveries from CP 
origins were optimally shipped to Thunder Bay at a total cost of 
$2,216,207 representing $10,785 in additional™transportation costs. In 
the optimal solution of the COMBINED network, wheat from CP origins is 


best shipped to Prince Rupert to minimize the total delivery costs. 
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FIGURE 16 AFFECT OF EXCLUSIVE NETWORK 
CWRS No. 2, 11.5% PROTEIN (Grade 215) 
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Savings of $9,745 result from the efficient utilization of the COMBINED 


network bringing the total ‘transportation costs for this grade §te 


$2,195,997. 


pimiflarly,~ the actual delivery patterns: of CWRS Noyv/2 at 12e5%eprotein 
level are characterized by shipments from CP origins to Churchill as shown 
on Figure 17 on page 134. The actual shipping costs were $7,604,146. An 
improved efficiency using the restriced EXCLUSIVE network could reduce 
theacotal vshippinesYeadl? by $143,147 to. S#,460,999% iSuch anvallocatzon 
does mot include, the delivery of grain from CP origins to Churchill fas 
alternative supplies are available at an overall lower total cost. The 
use of the COMBINED network brings the cost of delivery to $7,454,994 
indicating a further reduction of $6,005 by allowing the deliveries from 


Craorveins te Chijzchiail: 


Ofm the thirty grades, the: four) grades? of: CWRS) No7wlemate lies Ze 27 
protean, ~CWRS Nos 3° and Tough CGWRSPNo.) 3 (Gradespils 3712559800," 1300 
respectively) had deliveries from CP origins to CN destinations. In each 
case the EXCLUSIVE network was able to efficiently reallocate the 
deliveries from CP origins to Vancouver or Thunder Bay at an optimal cost 
less than the actual costs. In each of these four cases the use of the 
COMBINED network instead of the EXCLUSIVE network did not result in 


further savings in transportation costs. 
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6.4 INTERPRETATION OF THE DUAL SOLUTIONS 


The dual variables associated with each origin (ui) and each destination 
(vj) provide a method to evaluate the relative costs of shipping a unit of 
the commodity between alternative supply-demand pairs. It is the 
difference between the ui and vj values of the origin-destination route 
under review relative to the actual transportation costs from i to j that 
is important in determining how supplies can meet demands at least cost in 


a spatial system. 


Sniasieies 1 L971 jethasi eisolved + «the {cLRIRNS inequality «afornmu bationsipiethe 
Eyansportationus hxobliem |) wising) theapWUVerabgorithmoerslihe) *sedundant gud 
constraint of the system of linear equations is set to zero to determine 
themicemainine wis and vj sa) Ass the discussion of theidual @imodel 
indicates, the ui's and vi ' Sy lcan cbes alicereds toneprovidemadsysteme of 
variables easily interpreted on the bases of the inequality formulation of 
the model by multiplying all the ui variables by -1 and subtracting the 
smallest value of ui from all the ui's and adding the smallest value of ui 
to all of the vj's. The results of this manipulation indicate that the 
supply regions with high values of uwi-sare more favourably: located for 
production than regions with low values of ui. Increased production 
should occur in regions having a high ui value as this would result in the 
lowest shipping charge required to meet increased demand. Similarly, 


increasing demand at points with low values of vj would result in the 
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lowest additional costs for transportation charges to the entire system. 
Increased supplies of the commodity are best delivered between origins 
with high values of ui and low values of vj. This interpretation is 


consistent with Stevens (1960) approach to the dual variables. 


The economic implications of the dual solutions can only be interpreted 
from the COMBINED solutions of the Transportation Problem. The EXCLUSIVE 
cOstermatyix® hast “extraordinaraly! thighs rates “from *CPSorigins towPrince 
Rupert and Churchill so that the algorithm will find a lower cost route to 
bring the supplies to market. The solution to the dual provides very low 
values of ui at CP origins and high values of vj at Prince Rupert and 
Churchill thereby discouraging shipments between these origin-destination 
pairs. Ihe unredsonably high transportation costs’ affect the dual 


variables in such a way that their interpretation is limited. 


Demand points not receiving deliveries were assigned a demand of one in 
order tfort ithellalgorithm *tot‘assign ta Walue- “of vj for sevaluating© the 
solutions. The closest supply was increased by one unit to meet the 
increased demand. The additional transport costs to the primal objective 
function was subtracted from the total cost of the allocation and the 
allocations disregarded from the analysis of actual patterns. However, 
the value of vj assigned to the destinations provide a measure to evaluate 
alternative ‘demand patterns: ‘The transportation costs to Prince Rupert 
are the same as the costs to Vancouver. The difference in values of vj 


reflect the attraction of the non-utilized port for increased business. 
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The value of vj at destinations without any actual demand are equal to the 


transportation costs from the origin supplying the one unit of demand. 


The occasional delivery from CP origins to the CN ports of Churchill and 
Prince Rupert that are included in the optimal solutions of the EXCLUSIVE 
network distort the dual solutions further as alternative CP terminals are 
not available. Because each of the thirty grades represents only a 
proportion of the system as a whole, the dual solutions do not provide a 
valuable contribution to the entire system. However, solutions for each 
of the thirty grades and the alternative grading options can be used to 
indicate favourable delivery routes. The usual interpretation of the dual 


variables are, however, subject to two major constraints in this study. 


Firstly, the supplies of different grades are primarily ‘subject to 
environmental conditions that determine the type of grain produced and the 
yield harvested. The region of Southern Saskatchewan known as _ the 
Palliser Triangle is best suited for the production of No. 1 CWRS wheat of 
high protein because of the favourable soil and climatic conditions. The 
quality and protein level of wheat generally declines with distance away 
fromiythe Palliser Triangle. The production of particular grades in 
specific areas is therefore difficult to achieve. In general, producers 
strive to cultivate the highest quality of CWRS wheat. The final grades 
harvested are usually a result of poor environmental conditions rather 
thaneanmeexplicitecintention: The production of grain grades in Western 


Canada is not affected by transportation rates because producers are 
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financially protected by price supports and the guarantee of equal 
opportunity for producers to sell their harvest to the CWB for export. 
The environmental effects on grain production represent the most 
fundamental concern of the producer rather than the transportation costs 
of moving the commodity to market. Further, the Crow Rates apply to all 


grain on a tonnage basis regardless of grain grade or protein level. 


A long drought affected production during the study year. Although 
Alberta received above average precipitation during the _ spring, 
Saskatchewan and Manitoba received below average precipitation. The net 
results were that Saskatchewan and Manitoba produced yields below the 
previous ten year average but higher than expected. Yields in Alberta 
were ‘closes tee *record™ levels. The’ overall \quality® of © the *crop* was 
considerably lower than the 1979-1980 crop, however, the average protein 
content of 13.9% was higher than the 13.4% average in 1979-1980 crop year 


(CWB Annual Report 1980-1981, pp. 19-20). Because of changing production 


patterns the value of ui's and vj's for each grade cannot effectively 
suggest production trends. The Transportation Problem has been used in 
Ctnemeapplicadtions tto' direct” producti6n in reds’ best ®suitted¥ for tthe 


aS CA valby. 


The second factor that affects the interpretation of the dual solution in 
this application is the fact that demand for wheat at export terminals is 
generated by factors external to the Canadian grain producer and the 


spatial system under investigation. The dual solution provided by this 


wy. 
7 7 


. > ee | ie 7) A 
_— 


mr | ue : mn 
a. owe aati, Bie: | 
faupn Yo ei it | 
evens: (et. OW. aise 
Taam od! | saieyaes 
BivOx mb et Seep oe 
ie ae Yings ose wos gi: 
tov es 


: : 


a 
dawotolA. cay yoere ae. 7 
real, otto opmbeityh nqpanitiskyetn, byeNs avtibe? Debbovits 
fon edt .nolteviGicew’ agri wat boypioty etter bas 

cts wont 8 lap Dual nas, sbwnnecngtehe peat snow -<alenee : 
etzeahe at ate -loapa aga jens eocect ont Sgeiave They aes sober ; 
eau guso sir To YSPiaae Sihgeva ont .afeval.bxoogr «2 s2ol> ort a 
iia vaorey Silt everni . ae 
‘ote 20d9;-pergad enw £e. eS townie 7 


' 7 


Seay ges UReT-e) ry ai 


_ 
a 


139 
analysis can only be interpreted within the Canadian Prairie context as 
transport rates for grain are £.o.b. West Coast, Churchill andelhonder 
Bay.) ‘Because oyain is subject to a nimber of additional) costs” berore 
reaching the final destination the value of the vj's cannot be effectively 
utilized to determine the best locations at which to increase demand. 
Terminal handling costs, dockage, demurrage, St. Lawrence and other 
canals, trans-oceanic and unloading costs must also be considered in 
assessing the most desirable locations at which to increase demand. The 
fact that demands are exogenous to the system under investigation and 
indeed to the Canadian grain producer undermines the use of the values of 
vj derived from the regional Canadian transportation tariff structures. 
Nevertheless, with the nature of these constraints identified, the dual 
solution can provide the basis for interpreting the nature of the grain 


transportation system in Canada. 


Assuming that the distribution of wheat production for the study year 
represents an average situation, the dual variables may be meaningfully 
interpreted. The structure of the capacity constraints at the supplying 
wegions are for the most part similar (formawl vrades under révaew. Thas 
similarity suggests common characteristics of the grain transportation 
system. The dual solution for one comprehensive grade on the basis of the 


entire shipping schedule is presented on Figure 18 on page 140. 


In general the highest values of ui occur nearest the demand points. 


Usually the highest values occur in eastern Manitoba, as in this example, 
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as the largest demand for all grades is concentrated at Thunder Bay. The 
value of ui at orgins 3 and 61 is the highest in the solution at 187. This 
indicates that the transportation cost from origins 61 and 3 to Thunder 
Bay are vj-ui=518-187=331. In fact the cost matrix sets the cost of 
shipping between these origins and Thunder Bay at $3.31 per tonne. The 
calculation of this cost is derived from the constraint specifications of 
the optimum dual solution Cij=vj-ui. The capacity constraint at origin 61 
is calculated as the difference between the values of ui at alternative 
supply points in the primal solution. For example, the additional costs 
incurred by shipping grain from origin 21 to Thunder Bay is u3-u21=187. 
The costs or savings associated with alternative supply points in the 
optimal allocation schedule can be determined in this manner. Relative 
costs of shipping to one destination from any supply point can be 
determined by|| solving Cij-(vj-ui). If the -sum of the dual variables 
(vj-ui) for the route under investigation is greater than» the cost,Cij 


then the result is negative and the delivery is attractive. 


In the case of CWRS No. 2 at 11.5% protein (Grade 215), the highest values 
of ui occur nearest Prince Rupert as shown on Figure 19 on page 142 where 
94% of the total tonnage of this grade is handled. The remaining 6% is 
handled at Thunder Bay. The high level of demand at Prince Rupert causes 
the high values of ui near this port because of the necessity to ship 


wheat from as far away as eastern Saskatchewan to meet demand requirements 


aearrince Rupert. 
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In the case of CWRS No. 2 at 13.5% (Grade 235), all shipments are made to 
Thunder Bay as shown on Figure 20 on page 144. The lowest value of ui is 
located at origin 41 from which transportation costs to Thunder Bay are 
the highest. The value of ui near the demand point represents a high cost 
associated with the capacity constraints at the supply regions 
necessitating the shipment of wheat from farther place at higher 


transportation costs to meet the prescribed demands. 


In the case where wheat is demanded at all destinations, the values of ui 
decrease towards Saskatchewan where transport costs to all ports are 
highest. Saskatchewan represents the most unattractive supply region 
from which to ship grain because the region is subject to the highest 
transportation costs to meet increased demand requirements. This holds 
for increased demands at all ports. Where demands are concentrated at one 
port the lowest values of ui are located in the areas most remote from the 


demand point as in the case of CWRS No. 2 at 13.5%. 


Although grain is subject to environmental constraints and demands 
generated external to the system there are notable trends to identify. 
Each of the four terminal ports handle all of the three major grades known 
as. CWRS No. 1, No. 2 and No. 3, Prince™kKupert’ is characterized by the 
highest level of speciality by wheat grade. Almost 70% (922,009 tonnes) 
of the total tonnage handled at in Prince Rupert (1,323,451 tonnes) is 
CWRS No. 3. This represents 20% of the total tonnage of CWRS No. 3 traded 


over the study period. Its proportion of the overall tonnage handled is 
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small at 6%. Low grades of grain exported to the Peoples’ Republic of 
China are delivered to Prince Rupert in order to maintain trade strictly 
between governments without involment of intermediaries. The 
concentratiomerrcofte trade» atimeethises port .nisasgovernediaby)epolitical 
considerations and therefore the capacity constraints of the supplying 
regions nearest Prince Rupert are subject to changing political attitudes 
and decisions especially in light of the fact that the terminal at Prince 
Rupert has been recently purchased from the Canadian Government by a 


conglomeration of international grain trading companies. 


Of the total tonnage of grain handled at Vancouver, 53% was CWRS No. 1, 
representing 16% of the total tonnage handled during the study period. 
Vancouver's remaining tonnage is divided equaly between CWRS No. 2 and No. 
3. Japanese requirements for CWRS No. 1 account for the level of 
concentration in a large measure. Thunder Bay handles all grades in 
significant proportion. CWRS No. 1 comprises 45% (3,893,668 -.tonnes) of 
the total tonnage handled (8,741,869 tonnes) while CWRS No. 2 and No. 3 
nepresent 27% and 28% of the port tonnage respectively. This is @ resuit 
of the fact that Thunder Bay handles almost 60% of all CWRS wheat exported 
to a wide variety of buyers and markets. Churchill's major grade is CWRS 


Now 2).at. 44%.with 42% CWRS Now Seandsd42.CWRS Noted«.,Churchik)y however, 


handles less than 7% of the total tonnage handled over the study period. 


The nature of the generalized demand constraints suggests that there is a 


lack of an obvious demand pattern evident from the shipping patterns that 
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can stimulate changing production patterns if this were indeed possible. 
The fact that Vancouver handles 99% of the CWRS No. 1 required on the West 
Coast is the only unique characteristic of the delivery patterns. The low 


grades delivered to Prince Rupert are, as suggested, subject to change in 


Phew ellie ise. 


The relative attractiveness of alternative destinations is indicated by 
theetvalues®of vj®for-each portt*\A low-value’ of Wjiis *most™attractive 
reflecting the lowest increased cost to the objective function resulting 
from shipping an additional unit of the commodity into the destination }j. 
Alternatively, the highest value of vj represents the costliest 
destination at which to increase demands. The highest values of vj (540) 
occur at Prince Rupert and Vancouver. These are followed by Thunder Bay 
(5189°%and finallyiby Churchill (45192 The West Coast terminals have high 
values of vj suggesting that Vancouver and Prince Rupert are the least 
attractive deseinauione at which to increase demands because increased 
transportation costs to these destinations would be most costly to the 


entire system. 


Churchill has the lowest value of vj indicating that this is the most 
favourable point at which to increase demand. Increased supplies can be 
delivered to Churchill at least cost to the objective function. In the 
optimal allocation, deliveries between the CN origins of 15, 19, 21, 23, 
25 295535, 357, and 39: and betweem@the CP originsy 74,75. 76 and) /90to 


Churchill have the most favourable rate. Unfortunately, the volume of 
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trade at Churchill prevents the best use of the faciltiy as determined by 
Shipping charges. The relatively low transportation costs to Churchill 


suggests that its demand constraints are most costly to the system. 


There are problems associated with expanding the volume of business at 
Churchill. These concerns are specifically related to the three month 
shipping season (August, September and October), the restricted marketing 
opportunities, the lack of adequate backhaul shipping, the poor railway 
bed conditions preventing the use of covered hopper cars, excessive marine 
insurance and the requirements of marine technology due to the hazardous 


weather conditions (Booz, Allen and Hamilton, 1979, p. VII). 


The problems associated with trade at Churchill can be incorporated into 
the model by using a weighting factor in the cost matrix to reflect the 
addi tionalj ecosts cincurred from) «railing? grains itoy Hudson eBayerasuchsia 
weighting system may have the effect of increasing the value of-vj so that 
Ghunchula «may moselongereibes attract vergond thiserbasisiny Tiismtype Ga 
albtematdonmean gbe sapplied Cto8 anywronicin/déstination paix an theticost 
matrix. For example, a capacity cost could be added to shipments to 
Vancouver to direct tonnages to an otherwise more attractive terminal 
port. Such weightings also show their impact in the optimal allocations 
derived from the solution to the primal problem of the Transportation 


Problem. 


Thunder Bay has a slightly higher value of vj which makes it a favourable 
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place at which to increase demand levels. The most favourable POINcS mac 
which to increase production, because of relatively low transportation 
costs in the regions located in Southern Manitoba nearest Thunder Bay. 
The high values of ui nearest Thunder Bay indicate that Thunder Bay 


handles the largest tonnage and is the overall optimal demand point. 


Transportation costs to the final international destination are incurred 
in addition to the Crow Rate for shipment of grain in Western Canada. The 
best transportation alternative depends upon global transportation rates. 
As a result the Transportation Problem cannot be used to recommend 
directional flows of grain on the Canadian Prairie because of the external 
factors affecting international shipping. The solution, however, can be 


used to identify a major inefficiency in the grain tranportation system. 


The Canadian price for CWRS wheat is influenced by security markets and 
the international forces affecting market economies, however, CWRS wheat 
destined for export markets is not traded on commodity markets. The 
international price for CWRS wheat is determined c.i.f. Antwerp, 
Rotterdam or Amsterdam. Because the transportation rates vary between 
Canadian terminal elevators and the European freeports, the price of CWRS 
Wheat varies among terminal elevators. The average. 1980-1981 ocean 
transportation charges for wheat to Rotterdam via Pacific Coast was $15.24 
per tonne compared to $22.89 for direct overseas shipments from Thunder 
Bay. Transhipment of grain from lakers to ocean vessels at St. Lawrence 


ox .Maritime ‘ports increase the costs via Thunder Bay further. 
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Trans-Atlantic oceanic rates to Antwerp/Rotterdam via St. Lawrence ports 
is $10.15 per tonne, via Maritime ports is $10.06 and via Churchill is 


$4.42 per tonne. The rate to Japan via the West Coast is $20.96 peretonne 


(Canadian Grains Industry Statistical Handbook 1982, p. 192). 


The transportation cost differential has the affect of setting a higher 
price for wheat at Vancouver than Thunder Bay. The price of CWRS No. 1, 
13.5% protein on July 20th, 1981 was $225.07 at Thunder Bay and $248.81 at 
Vancouver (Grain Statistics Weekly, 5lst week, 1981). The CWB could 
attempt to maximize its profits by shipping more wheat through the West 
Coast. Thunder Bay handles approximately 60% of all CWRS wheat traded on 
an annual basis because of severe capacity constraints on the volume of 
throughput at the Vancouver terminals. The strong attraction to sell 
grain at Vancouver is compromised because grain is diverted to the Thunder 
Bay terminals. Despite the highest values of vj at Vancouver, the 
difference between the values of vj at Thunder Bay and-~-Vancouver 
(540-518=22) does not exceed the actual price per tonne of wheat available 
at Vancouver ($248.81-$225.07=$23.74). As a result, the favourable price 
differential at Vancouver outweighs the additional costs of transporting 
wheat from the producing areas to the Pacific Coast rather than Thunder 


Bay. 


The desirability of increased demands at Vancouver can, therefore, be 
considered despite the values of vj. The possibility of expanded 


throughput at Vancouver is limited, however, by the fact that operations 
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have almost reached the maximum potential capacity because of the system's 
operating characteristics. The problems that must be overcome to increase 
the handling capacity are various, ranging from the railway capacity 
Pheoughgjthe gWest .Coast. mountain ranges. to: ‘thesinabilaty of seliaply 
estimating ship arrivals at Vancouver loading docks. The logistics of the 
system act as a constraint on actual sales of grain at Vancouver because 
of the uncertainty of being able to meet throughput requirements. The 
recommendations to increase throughput capacity at Prince Rupert is, 
therefore, a desirable and favourable policy objective supported by the 
results of this analysis if the difference between the values of vj and 
Thunder Bay at the Pacific Terminals continues to be outweighed by the 


international price differential. 


6.5 CONCLUSIONS 


The universal grading scheme has been shown to decrease the total shipping 
bill by 2.34 in the amount of $1,5665590 with @ corresponding reallocation 
of 4.568 million tonnes of wheat representing 31% of the total tonnage 
hamdledatover the «estudygsyeam. sihas gwould bringsithe actuals ccost of 
deliveries to $68,562,406. Optimal allocation of the sytem of thirty 
grades would reduce the actual costs by an additional eS orssie 282° 289., 


The system of three grades would reduce the Actual SCOStSMbyse 2 ul Amor 
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$1,507,385. On the basis of the given transportation cost structure, it 
can therefore be concluded that grade multiplicity is supported at a 
nominal cost to the CWB. This conclusion is intuitively contrary to the 


expectation that as the number of grades of the commodity increases, 


transportation coordination becomes increasingly difficult and expensive. 


A high level of efficiency has been found to exist in the transportation 
coordination schedules of the CWB on the basis of the transportation 
charges. Them@@averageweadditional (costmiper Srailicar Staccruing: “ron 
inefficient delivery schedules amounts to $5.70 (total savings/total 
number of deliveries). The average cost per delivery is $313.32 (total 
actual cost/total number of deliveries). On the basis of the given Crow 
Rate tariff schedule possible savings resulting from efficient delivery 
Patt eriis® accopnti mfor ul 6c sot "the votalletransportat 1omm@charcesieper 
delivery... "1t can *be*concludedithatether trans portationntarrei sstructure 
does not provide any incentive for efficient use of transportation 
services as the savings accruing from the optimal use of the system are 
nominaljalands possibly**outweighed® bys 'therscestsvetostensure Mal east @cost 


allocation patterns. 


While the solutions to the Transportation Problem do not present major 
opportunities for cost savings, they present obvious supply regions in 
relation to each of the terminal destinations. The patterns of optimal 
shipments provide a useful basis upon which to efficiently utilize the 


railway transportation services thereby minimizing the costs to the 
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entire system, rather than minimizing those costs charged directly to the 


CWB. 


It has been shown that the CP and the CN exclusive railway networks do not 
impose any additional actual costs to the entire system. This conclusion, 
however, is only determined on the basis of the Crow Rates which no longer 
cover, thewxealtucostiof! providing?! transportationsiservacesws Whitleeat 
appears that future cooperation will not occur between the two railways, 
excepteetor® themreciprocal §turaffict (amounting tobless than S,e0r torval 
tonnage handled in 1980), this conclusion is subject to further scrutiny. 
The operating characteristics of the grain traffic must be analysed before 


the costs to the entire system can be determined. 


fheiedual fsolptiony undicates!) thateyChurchiadd® tis i “the most favourable 
destinations at which to increase the level of demand. However, increased 
handling at Churchill is subject to major problems related to its shipping 
season, railway accessibility and the lack of additional marketing 
opportunities. It is expected that westward deliveries will be increasing 
at a faster rate than eastbound deliveries (Booz, Allen and Hamilton, 
19765 e)11b=2). ei The {CWBexcould ‘maximize its returneby selling wheac et 
Vancouver where the highest international prices are paid for the 
commodity. The dual solution suggests that this trend will be most costly 
to the system on the basis of the present transportation tariff structure. 
The international price of wheat at Vancouver outweighs the advantage of 


Thunder Bay as a point to increase demand as determined by the Crow Rate 
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transportation cost schedules. Indeed, this conclusion is significant 


with respect to Vancouver and Prince Rupert. 


The structure of the grain transportation cost tariffs in Western Canada 
provides a large number of alternative solutions to the primal shipping 
problem of Linear Programming because shipping costs to Vancouver and 
Prince 'Rupert “are equal’ fromvall’ origins» It is expected*that* numerous 
suboptimal solutions would also be generated by the model because the 
resource is homogeneous and distributed throughout a region where 
shipping costs have a small variation. In this particular application the 
suboptimal solutions would be almost as good as any optimal solution. 
Indeed, Smillie and Bar (1972) suggest that suboptimal solutions must be 
considered in delivery problems because the weather, accidents and 
equipment failure introduce the element of uncertainty into the planning 
process. The inherent constraints and limitations of the coordinating 
eroupreresiits hin the scheduling of deliveries that are -considered 
suboptimal, however, under the circumstances contribute only small 
intreasesititoithe overaldttotall shippineticost te The yoptimalssolutions or 
the CWB's scheduling represents a benchmark from which to ascertain the 
general level of efficiency. A high level of efficiency has been found to 
occur. Although alternative optimal solutions are probably very good they 
are not considered here because of the large number of alternatives to 
address which would not make a considerable contribution to the results 


already provided. 


shene® mroteny 23: a Flapaie : 


wHagice iattcg «de Gt Ree ; 

pine 2evioodsY Ot 0 seconirgatS xaeukd 46 
aneramen todd boaoereh 29 wlantgiene’ ths sit) Lsepeiere trsqut 4 
sit savers! Lobow tt td DaseeaoW ee cele binew ennidotoe emt. - 
Ce aed Bains hon sonetayamet tb somone 4 
sia nGis0s2 Laan eee ane ht hadveisew: Lists » svadeagnoe a 
upsureb be bauer yar serine ep sedinis) ve BiteN” enckap hon Inmioqedue as 
ad jain ano eink (pies sya tke Seas CSHRE) sa Sun -6t5Line bwobel 7 
bik) arnsht on abies ao ete ced” Giver feueTS at heretikenoa . 
gedednla B07 rang ‘yuehiedguiia Ea ajteiebe a7 owes a ante 
abitaabbite. a 3a) Suet! abate ( bas austpTemMes antsatnl 9@P .enedorg - 
lupe ines oem. peda aetvawelab 0 puskebedes od ob aaivesx quays! 
pheme ¥ltto: aledir raed pectasieticaso ant. tabiny teow | ae 
ceaanearaten:s neal lielielneiias en 
ody aretanave a2 daide myst ypc mena vine aT 
20! pou te ioval a 


a 
es 


7.0 SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 


Canadian Western Red Spring wheat is the most important internationally 
traded grain in Canada. The Canadian Wheat Board is responsible for 
coordinating the delivery of wheat from producing areas to export terminal 
ports. The transportation coordination programs of the Canadian Wheat 
Board have been evaluated from July list, 1980 to June 3lst, 1981. The 
location of demands is determined by international customers who nominate 
ships to collect the wheat at a specific Canadian export terminal. 


Demands, therefore, are based totally upon customer preferences. 


The planning programs of the Canadian Wheat Board treat each week as a 
separate Transportation Problem. This investigation has evaluated the 
programs of the fifty-two weeks in the study year as one transportation 
problem in order to determine the level of suboptimality realized by short 
term planning at the expense of long term efficiency. Transportation cost 


minimization is the explicit criterion of investigation. 


The Transportation Problem assumes that the coordinating agency, in this 
case the Canadian Wheat Board, has complete knowledge of the location and 
level of supplies and demands upon to which to determine shipping 
schedules. While the version of the model used in this analysis is 
unconstrained with regard to network capacity, the nature of the Canadian 


154 


feroi Mristu snbt eghh Beomleds ai apEGR sia ea “ Be 0 
toa oldbesaqgeey 23 btaot 2eagn nose et ont. sbued mab niet bets x2 
imaay rteqes 07 eeuTe pikaeboy eas SRW se. yuavidals ay gut tnakbaos 
Uw methane? ody Jo eabagpgneboealbesss qebleiaganata ed? =, 


,78L£ api. oy) O8eh sel Vio. wows begavlevs need’ eveit bxe 


soeuimo. + G+ *embsaco Tewedagb sae) vil Sachetedsb 27> ebremab Qo: nofiases 
se, 
a J j 

lenis ticgt> cebbermn@) oPbgage 2 Jo caeie ait toebkloo of agids 
Se oe _ : iv 

sane tarts omaJan wey! welawes beeat e216 ,ptoteteds , ahnadel : 

us 

" - 

h et Sse Jane to889 Babed sbealWne rhe eo 19 Metso) metal ott. 


ro “4 a 
eds besgpiave of aeksesiteeuti-aniT «dblielet?) qefseavegeney? acnnse 


fioitet sogens1s she ze =eey Ghee any al evcaw aws-¢2tt) art to ame 2QO2 
ttode vi bert leer 7y che sQotneSectayet sta, sqimveral: us oar ek 


gedo seasersogepney pxwder othe mo? gun! a analy ate 3) aatnam i = 


Gi ests te poltet) sg) stables. 982 ek eh vith nkm 


aA | i sa | 7 


@rf2 ih . yoapge (iat TeeRRe 
7 a | 
bits fosseont @fy do sgbetyen 
ee aes oe 7 —— 
sige onde son islily ot no etek 


pe abet t, 
erie 
7 


_ 


wheat transportation and handling system indirectly imposes critical 


Eons eaauntss 


The level of supplies at country elevators, for example, is affected by 
elevator price, producer delivery quotas, tax deferral programs, 
environmental conditions, producer delivery preference and elevator 
capacity. The actual supplies used in the analyses are dependent upon 
what is actually drawn from each origin and does not consider on-farm 


stocks, elevator stocks, terminal stocks and grain en route. 


The analyses evaluate the transportation patterns of actual deliveries 
which are constrained by railcar availability, vessel arrivals, terminal 
elevator capacity, country elevator stocks, labour problems, 
environmental and physical damage to the transportation network. Demand 
is eprimaril y4.a) funetions ofevessel sanrivalsyeThecdestination, of wheatj as 
constrained by the location of the vessel Lee which is the discretion 
of the buyer. Because misshipments occur from the producing areas, the 
unloads of grain at terminal elevators could be different from what was 


ordered to meet the requirements of the expected vessel. 


As enumerated at the outset, this investigation determines the additional 


costs of transportation arising from three sources of suboptimality: 


1. Weekly Transportation Schedules, 
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3. Network Exclusiveness. 


The actual transportation costs of the observed delivery patterns have 
been compared to the optimal solutions derived from the Transportation 
Problem® Thesinterpretationtioftithe adudl isolttionmtis Limitedmduetttol the 
global factors affecting the Prairie wheat production and transportation 
costs. The dual solution provides a system to evaluate the relative costs 
or savings of shipping between alternative points. The solution to the 
Transportation Problem modelling has provided information regarding the 


costs associated with the three sources of suboptimality investigated. 


The ‘actual patterns and costs ofthe deliveries! for each  sofethes thirty 
grades of CWRS wheat were determined and compared to the optimal costs and 
allocations. The actual and optimal patterns were mapped, indicating a 
high level of inefficiency associated with the actual patterns compared to 
the obviously efficient patterns associated with the optimal allocations. 
A total of 4.568 million tonnes of wheat, representing 31% of all tonnage 
handled were reallocated to optimal destinations. In some cases, demand 
for ay grade of wheat at»one port required: deliveries from across the 
Prairie region. In other cases, the elevator company shipped wheat to its 
own terminal elevator at a higher transportation cost in order to protect 
any financial benefit derivedmtiromea@ithe “purchase fofiterainghirom. athe 


producer. Deliveries to terminal elevators operated by other owners 
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necessitates the sale of grain at dockside for the going price. The 
objective function, however, did not indicate a significant possible 
Saving associated with improved shipping schedules. The possible savings 


in a system of thirty grades represents 1.83% of the actual cost. 


The system of thirty grades of wheat was combined into one comprehensive 
grade in order to determine the additional costs of transportation 
resulting from the complex coordination involved with meeting specific 
demand requirements for each grade. Originally, the additional 
transportation costs associated with grade multiplicity were expected to 
Deis steni ficant: Threatiranspertatiom (Problem ‘rforie an system! ontione 
comprehensive grade determined an objective function that represented a 
2.29% decrease in the actual total costs as measured by the Crow Rate 
structure. Savings from the optimal allocation of one grade represents a 


mere 0.46% saving over optimal delivery of thirty grades. 


The optimal allocation of supplies to demand points provide clear 
opportunities to increase efficiency by establishing hinterlands for each 
Specie. port arelhes optimal cabloacation spatternswidel iver wheat gtomthe 
nearest terminal capable of handling »the capacity. Alberta and the far 
westermerportion of Saskatchewan are optimally serviced by Pacific 
terminals. The remaining areas are best serviced by Thunder Bay and there 
are shipments from one origin to Churchill. In effect, the least cost 
allocation indicates that shipments should not occur between Alberta and 


Thunder Bay, deliveries which are known to occur. 
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The actual distribution patterns indicate a high level of inefficiency by 
the crossover of desirelines, however, the objective function does not 
indicate any significant saving. The transportation costs related to the 
support of the grading system are not obvious or measurable from the 
results) of the analysis. Until these costs can be ascertained, any change 
to the grading system may undermine the Canadian reputation for consistent 
and dependable high quality red spring wheat. These results suggest that 
the problem may be minor and that change may be detrimental from the 


standpoint of international wheat trading. 


The fact that these costs do not weigh heavily in the objective function 
leads to questioning the accuracy of the cost matrix. Furthermore, the 
aecwal = *tsansportations® charges do note reflect "the actual costs "or 
providing the/:service. Under the statutory Crow Rates, the difference 
between the cheapest and the most expensive transportation rates are not 
larger anris a result the Canadian Wheat Board cannot respond to the 
inefficiency because the monetary costs are not obvious enough to provide 
incentive to reduce suboptimality. ThetrVcosts? “associated *® swith 
suboptimality are absorbed by other parties involved in the Canadian wheat 
transportation system, *namelys the» railway “companies” *and “the federal 


government. 


The Canadian National and the Canadian Pacific Railways each operate 
exclusive railroad service networks. The results of the Transportation 


Problem analyses demonstrate that under the Crow Rate structure the 
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additional transportation costs associated with exclusive railway service 
Systems are neglible. In fact, the actual patterns indicate that grain 
was moved from CP origins to exclusive CN destinations under the 


reciprocal traffic agreement at a higher cost than necessary under optimal 


delivery scheduling. 


Thej,model dis subject) to,armajors. problem +insdnvestigating the pcosts,of 
exclusive service systems because Crow Rates to Vancouver and Prince 
Rupert are equal thereby eliminating any advantage of shipping to the 
closest port. In addition, the tonnages handled at Churchill are smail 
and therefore are not significant in terms of possible savings to the 
entare,tsystem. § lt»,as))hexpected,;-rhowevers. that, junden,.a) cost matrax 
neflectings thestruce ‘costs#iofeqserviceesthatpthergetiect sof yucaalway, 


exclusiveness may provide more meaningful results. 


The Transportation Problem model used in this analysis is an unconstrained 
model that does not provide any indication of network congestion. 
Bottleneck problems at terminal elevators, especially at Vancouver, are 
indirectly considered in the model because the demand at Vancouver is 


directly related to the handling capacity at railway marshalling yards. 


The western portion of the Canadian National mainline follows an alignment 
through Jasper and the Yellowhead Pass meeting the Canadian Pacific line 
at Kamploops, British Columbia, following a similar alignment as the 


Canadian Pacific mainline through the Fraser River Valley to Vancouver. 
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From Calgary the northern CP line passes through Rodgers Pass and the 
southern line passes through the Crow's Nest Pass. The CP lines connect 
at Hope, British Columbia and proceed to Vancouver. It has been suggested 
that the CN and CP lines through the Fraser River Valley be coordinated to 
allow unidirectional flows on each line. This would result in all 
westbound trains: using’ the CP line, for example) and: eastbound trains 
using the CN line, eliminating the present bottleneck problems associated 
with one track for each railway and the necessity of the time-consuming 


sadumerof Trains* 


The interpretation of the dual solution is limited. The major finding is 
related to the favourable transportation costs to Churchill from several 
CN and CP origins. In addition, shipments are presently delivered to 
Thunder Bay at higher costs than deliveries to Vancouver due to the 
operating capacity at Vancouver. The dual solution suggests that 
increased capacity at the port of Churchill would result in the greastest 
Savinoetoyunthethsystem: of Churchill ¢hehoweveny Lis@isubjectiino: Semuious 
constraints limiting its ability to increase volumes handled. Thunder Bay 
represents the second best location at which to increase handling by 
Gixtuestofirthemdiuall: ivariablesinetineg attractiveness tof WhunderoBayeus 
undermined by the higher price for wheat obtained at Vancouver. The 
favourable international price differential at Vancouver outweighs the 
attractiveness of Thunder Bay as a location at which to increase demand. 
The transportation costs through the St. Lawrence Seaway and the 


associated storage and transhipment charges are slightly higher that the 
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price difference for wheat obtainable at Vancouver. For the system of one 
grade, Vancouver represents the most attractive location at which to 
increase demand, however this advantage is only marginally significant. 
This conclusion is important in light of the fact that wheat trade 
opportunities out of Vancouver are refused due to the limited handling 
capacity. The dual solution has limited significance with respect to the 
production patterns in the producing regions because the grade of wheat 
harvested is governed by the uncontrollable variables of environment and 
weather. The producer always strives to produce the highest quality oe 
wheat, however, is constrained by the impacts of these variables. Because 
of the changing annual production patterns the values of ui cannot 
effectively suggest attractive production trends to minimize the total 


transportation bill. 


The data provided for the analyses is on a tonnage basis, rather than by 
number of carloads. Each cariead Tis.isubject Lor 1ts® uniquey Capacity , 
dependent upon the type of car and the railway lines over which it will 
travel. Although the use of the number of carloads does not reflect the 
actual tonnage of the deliveries, it would be valuable to equate the 
improved transportation coordination programs with the number of cars 
necessary to complete the program. There is evidence to suggest that the 
grain transportation problem is complicated by far too many railcars 
congesting port areas, partictilaniyeVantouverseyihe amprovedsutidatyecn 
folines stock t15 “a desirable objective, however, this analysis is unable 


to provide any meaningful information related to this problem. 
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The link capacity is not explicitly defined in this model, however, demand 
capacities are directly determined by line and railway capacity. The 
multiple commodity nature of the Canadian railways complicates the 
possibility of establishing link capacities for grain especially when 
shipments are based upon a tonnage basis rather than number of cars. The 
transportation of all commodities is subject to seasonal variation and 
internationale factorss whichstarestalmostisimpossible  totforecast itor 


anticipate and therefore difficult to model. 


The actual delivery schedules used in this analysis were determined by the 
offical grade and tonnage at the point of unloading at terminal elevators. 
The data does not reflect the nature or frequency of misshipments. As a 
result the misshipped grades may be included in the analysis of another 
grade than that requested. Tough and damp grades require drying at 
terminal elevators. An elevator company which misgrades a shipment is 
penalized by a reduction of one railway car for the following week's 
aiklocatuonén Inthe eventi that theiimisshipmentstrepresent, alsi giaiicant 
proportion of the deliveries it would be expected that the results of the 
Tcansportation) Pxoblem wouldtttexegsename gntheswievel Met Sineificiency 


associated with the delivery programs. 


The, DransportationiPvoblémy isyesubgect sto, the veconoiii@emanm axiom Vor 
economics. The Canadian Wheat Board must, however, reach its mandate to 
provide equity of opportunity to all producers as exemplified by the 


Braken Formula for railcar allocation. The formula gives favourable bias 
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to country elevators reaching capacity and also requires that all 
producers have an equal opportunity to sell produce to the CWB. This 
assumption of the model is contrary to the operations of the Canadian 
Wheat Board, but not to the problem under investigation. Assuming that 
the allocation schedules for the study year reflect the CWB's ability to 
provide equity of opportunity to producers the Transportation Problem 
determines the minimum transportation cost solution associated with 
bringing the commodities to the market place. The Transportation Problem 
model also assumes that the coordinating agency has full and complete 
knowledge of the characteristics of the demands and supplies. It is the 
intention of the Board to operate with the full knowledge of the dynamics 
of the system. The actual delivery patterns suggest that the CWB does not 
operate with complete knowledge and encourages the Board to consider the 
annual demands on the system to lengthen the planning horizon beyond the 


weekly shipping schedules. 


The Canadian Wheat Board has’ made a ‘conScience effort to increase 
production of Canadian Western Red Spring Wheat for export despite the 
distintegratiom’ of her traditional foreign: markets Sand! etheMchanging 
requirements of bread making technology favouring an increase in the 
softer wheats accompanied by a corresponding decrease in the tonnage of 
high quality hard wheat. The ever increasing marketing opportunities for 
softer wheats in both developing and developed nations is not available to 
Canadian producers because of the emphasis of hard wheat production. This 


marketing decision has an impact on the entire agricultural sector of the 
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eeonomysut ine ‘paxiticularevthe rccosts eof maintaining the CWRS grading and 
transportation systems for the purposes of international marketing and 
the constraints imposed upon other commodity types. The fact that the 
grades of wheat are blended at the termial elevators to meet the specific 
requirements of awaiting vessels questions the rational of such a rigorous 
grading system. The producer does, however, receive his compensation for 
the quality produced at the point of delivery to the country elevators. 
Despite «he giactwithat thisfapplication of thes Transpontation’iProblemas 
unable to identify the actual costs of supporting the system, the grading 
system should be reviewed in light of international trends in agricultural 
marketing opportunities. The Canadian Wheat Board, however, continues to 
sell as much wheat that can reach the terminal elevators. In fact, some 
contracts teannotybersmet thecause cofretheascongestionidat the epomtmor 
Vancouver oflitriisrethed intentijofertheseactorsaein rthea Ganadian grain 
transportation system to improve the throughoutput of the system to ensure 


that total sales rise and that all opportunities can be capitized upon. 


The Transportation Problem analyses conducted in this research is subject 
to major theoretical and operating constraints. The original objectives 
to ascertain the additional transportation costs associated with three 
possible causes of suboptimality were severely compromised by the nature 
of the cost matrix which was critical for meaningful results. Although 
the flow diagrams provide an indication of the efficiency with which the 
CWB operates, the objective functions were unable to provide any 


meaningful measure of inefficiency in transportation coordination or in 
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the suboptimal use of system resources. Crosshauls were found to exist in 
each of the three possible causes of suboptimality, however, the costs 


associated with these crosshauls are not significantly reflected in the 


objective function. 


The recommendation of this thesis is to establish shipping charges that 
reflect the actual cost of service in order to provide a measure whereby 
the CWB can respond to inefficient expenditures. Any meaningful changes 
to the Crow Rate structure requires the advance of railway costing 
techinques in Canada. It has been suggested that the current proposal to 
abolish the Crow Rates will generate an improved efficiency from the CWB. 
The results of this analysis clearly support the elimination of the Crow 
Rates for the purposes of freight charges as they distort the economic 


pehinciples: Of puicingvandithe,efficientiusetof scarce resources. 


thas application of the Transportation Problem model has effectively 
demonstrated its utility as a tool to evaluate shipping schedules. The 
presentation of a complex transportation system by the parameters of the 
model simplify the system to va level that as possible lo evaluates The 
nature of the cost matrix used in this analysis demonstrates the critical 
influence that transportation costs have on delivery schedules and the 


importance of shipping rates to reflect the real costs of service. 


Whereas this analysis has been restricted to the Canadian transportation 


system, the demand points could be altered tor retlect sthe fanal 
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destinations of Canadian grains. This could be achieved by establishing a 
suitable transportation’ cost “matrix. This approch, however, is 
constrained by the fact that oceanic shipping is a volatile business, 
subject tovlextreme “flexibility “in tariff structures. The transshipment 


Verston™+ Of ‘the’ * /Transportation= «Probleme? Ws *avaniablemrtor seuchean 


application. 


The Transportation Problem has been used in the past to provide a method 
to evaluate transportation pricing in a spatial system. This model can be 
effectively used to evaluate any proposed freight rate structure for the 
transportation of grains in Western Canada or can be adapted for a similar 
applications. "This’ model should be used in the future to evaluate the 
addrtsondl’ costs "of transportation ‘caused’ = by “the” ‘three ™sources™ of 


suboptimality under an appropiate transportation cost matrix. 
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APPENDIX A 


OPTIMAL AND ALLOCATIONS FOR SPECIFIC GRADES OF CWRS WHEAT 
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OPTIMAL ALLOCATIONS: ONE GRADE 
(metric tonnes) 
Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
O01 Winnipeg North 66,459 66,459 
03 Winnipeg South L593, 504 159,394 
O05 Winnipeg West WH2.206 172, 205 
07 Brandon North OO, U5i2. 99% 152. 
09 Brandon West 269%, 2601 2097, 201 
11 Melville 216,260 216,260 
13 Dauphin S6ss, Oe 368%, 908 
15 Kamsack 281,568 2645, O00 
17 Saskatoon Main SH 29 3795,299 
19 Saskatoon South 277), 394 27th, 30 
21 Saskatoon West Tt, 005 2 Mosse Sis PON LT 
23 Saskatoon North 319), 524 Sak S24 
25 Prince Albert East 45,326 310,769 356,085 
a paamees Aibest: South 335),,204 BNE) Sead Mes 
29) Prince: Albert: Wesit 339), 354 389554 
31 Saskatoon East 215%, 503 P2Ab SMS) 5 
33 Regina South 61135 GLoy 195 
35 Regina West Soy 3483, 94) 
37 Biggar North 2957, 020 pLE) Ss Wey b) 
39 Biggar West 489,839 489 ,839 
41 Edmonton North 89, 542 169), S42 
43 Edmonton South CAL 6) 3227, S26 
45 Edmonton West De. SOW: 22), Dod, 
47 Hanna South B,D) mteheys| piish wel sis) 
49 Hanna West Zo1F, ool 260), Sou: 
61 Keewatin TSBy 220: 15S 
62 La Riviere BT OLS Pes) RUNS 
63 Carberry 22, 948 224,944 
64 Brandon S67, 50 356%, SOU 
71 Weyburn G22t, SOP 422,567 
72 Pasqua Sik, Ao SGH Loe 
73 Bulyea C57, 328 455,328 
74 Bredenbury 334),,.749 331,749 
75 Saskatoon ule) eyes SIS 520 
76 Wilkie 572, oun SVE Oat 
77 Assiniboia TO), SS2 703 BS2 
AG Sweatt) Curent 6072..250 607,230 
79 Outlook S18) 3127,.250 
81 Medicine Hat G50), Oda. 4584. 997 
82 Brooks S45), 454 345,454 
83 Lethbridge 38,634 GES 705 484,339 
84 Vulcan 384,164 384,164 
85 Calgary Ly O55 177, Gop 
86 Red Deer 19:15, 608 191,808 
87 Edmonton 241,394 241,394 
90 N. Alberta RR West 15 2a 152 22 
95 N. Alberta RR East ey ess SL ye 
97 British Columbia RR 58,088 58,088 
98 Great Slave RR 21.305 2), S6y¥. 
TOTAL DEMANDS Si, 741 871 300. 269! 4,375), 348 ll, See) Gost 14a 7 Aen 
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ACTUAL ALLOCATIONS: 


(metric tonnes) 


ONE GRADE 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
O1 Winnipeg North 66,339 120 66,459 
03 Winnipeg South 59, 463 52 79 159,094 
05 Winnipeg West U7 OS ie 89 172206 
07 Brandon North 90 abr, G95, a5 2 
09 Brandon West 264,804 4,091 316 70 269,264 
11 Melville 201 458 4,802 216,260 
13 Dauphin 325,059 Si NOe72 48 60 362,046 
15 Kamsack 268 79595 S260) 56 284,509 
17 Saskatoon Main 238,046 8,402 WES) Ry A2F) 37,824 B95, 299 
19 Saskatoon South 220.784 248 Uses EE. 12078 290), 004 
21 Saskatoon West 2S? od: Vig tah 85,652 T8007 SUSI 
23 Saskatoon North 201,446 18,684 157,076 84,318 319,524 
25 Prince Albert East 108,143 Se Be. a Seeley, 2A3 Se 3504065 
oy Prince Albert South 108,247 6,446 18,200 205R 20 38842083 
29 Prince Albert West DLG Re Le. 16,107 Lo7,.825 339,008 
Si Saskatoon Bast 138,410 TE RUES 178 PAS, oe. 
33 Regina South 568,381 4998 8,268 375540 619,095 
35 Regina West 526,639 ion gent 1058 DHS 59 Aad 
37 Biggar North Si Gow 135050 167,078 SG 275 295,820 
39 Biggar West BS ae Eee) 2,464 395,440 66,160 489,839 
41 Edmonton North Ye Pave} 100 3917 SLy403s 189 ,542 
43 Edmonton South 4724 Wie, 226 1417S S20 eleD 
45 Edmonton West Ay AU si6) 17 583 2,804 22 Os 
47 Hanna South He OS 491,817 16,086 515,888 
49 Hanna West 22926 208, 613 PS [eae eae 261,061 
61 Keewatin 158,222 155,229 
62 La Riviere 27 oi, ale Zs, Olas 
63 Carberry 2224 00.0 88 224,944 
64 Brandon 290,031 70 3D, OA 
71 Weyburn 413 ,838 eye PAS) 422,567 
72 Pasqua 358, 085 50,698 Deady, VSS. 
73 Bulyea 415,328 “V5 328 
74 Bredenbury 297,583 347 1S Bye) 331,749 
75 Saskatoon 274,023 30,104 Sp aSis)s) Sy eet) 6) 
76 Wilkie 450,041 G2 Stsleie) 70,031 DW ,048. 
77 Assiniboia 665,570 45,262 710,832 
78 Swift Current EL, F208 94,502 607,230 
79 Outlook 289,762 74,468 2,200 
81 Medicine Hat Lier e30 287 ,147 458,977 
82 Brooks 9,010 336,280 164 345,454 
83 Lethbridge Aalto 452 doe 484 ,339 
84 Vulcan EM eT Oy, 381,417 384,164 
85 Calgary 568 17,087 1, ODD 
86 Red Deer AL, 180,729 6,780 191,808 
87 Edmonton Vi hele) 158,282 80,318 241, OOo 
90 N. Alberta RR West Hose 135,440 I Ooo 152,922 
95 N. Alberta RR East 5,645 46,098 51,743 
97 British Columbia RR 241 57,847 58,088 
98 Great Slave RR L075 20,293 21,368 
TOTAL DEMANDS 8,741,872 340,769 4,373,341 1,323,853) 14,745,434 
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OPTIMAL ALLOCATIONS: NEW NUMBER ONE CWRS 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
01 Winnipeg North 25 109 24.149 
03 Winnipeg South 255 760 25% 760 
05 Winnipeg West 18,488 18,488 
07 Brandon North 65 197 6% 197 
09 Brandon West 34,492 34,492 
11 Melville 10,089 105089 
13 Dauphin 8% 291 88 291) 
15 Kamsack 185741 Cre 255453 
17 Saskatoon Main 15727238 157% 723 
19 Saskatoon South 2398575 239%575 
21 Saskatoon West 2508 280 2585 280 
23 Saskatoon North 1028651 102% 6511 
25 Prince Albert East 35420 32420 
227; PrancesAdberteSeouthk 415552 Ane 552 
29 Prince Albert West 336 372 33339 2 
31 Saskatoon East 1764 685 176,685 
33 Regina South 261,846 261,846 
35 Regina West 308 ,833 3085 833 
37 Biggar North 33,478 33,478 
39 Biggar West 2283 182 2285 182 
41 Edmonton North 692 692 
43 Edmonton South oF Jou 98 731 
45 Edmonton West 200 200 
47 Hanna South 288,905 288,905 
49 Hanna West 78,866 78,866 
61 Keewatin 46173 46,173 
62 La Riviere S2E 2D0 323250 
63 Carberry ie Bese 124773 
64 Brandon » 40 093 455093 
71 Weyburn £895 620 189,820 
72 Pasqua 1383 Lop 1388 165 
73 Bulyea 209 ,687 209 ,687 
74 Bredenbury 228 789 288 (39 
75 Saskatoon G25 207 O25 289, 
76 Wilkie 3,406 286,870 2908276 
77 Assiniboia 654, 123 654', 123 
78 Swift Current 564. Jaz 564,732 
79 Outlook 267,149 267,149 
81 Medicine Hat 426,551 426,551 
82 Brooks 2225, 265 2225265 
83 Lethbridge 439,772 4395772 
84 Vulcan 255% 06.1 2555 082 
85 Calgary moze 5k O28 
86 Red Deer 49,560 Poe 61,084 
87 Edmonton 108 325 10% 315 
90 N. Alberta RR West 2,383 2,383 
95 N. Alberta RR East 443 443 
97 British Columbia RR 340 340 
98 Great Slave RR 
TOTAL DEMANDS 3% 8935 669 “Ss Uae 2% 350% 7 OW 14,690 6,287,654 
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ACTUAL ALLOCATIONS: NEW NUMBER ONE CWRS 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
01 Winnipeg North Peet oil2) 2, 0419 
03 Winnipeg South 257.7100 25,,-700 
05 Winnipeg West 18,488 18,488 
07 Brandon North 6 Soy. 6.197 
09 Brandon West 34,139 274 79 34,492 
11 Melville Ss THs) 336 10,089 
13 Dauphin 8 {291 Cn204 
15 Kamsack 25 55 99 25) u 
17 Saskatoon Main 112 5916 217 6 41,810 821 157, S725 
19 Saskatoon South 1910, 4074 40,506 998 234, 7575 
21 Saskatoon West IS eae Oly 117 57.900 291 2395200 
23 Saskatoon North 98, 9378 2,465 769 1,040 ¥O2,, 651 
25 Prince Albert East 3.055 195 leer 3,420 
27 Prince Albert South 37, Duo G27 857 Ceo 46,552. 
29 Prince Albert West Zooe4 6,074 Dee EU 1,010 BO, soon. 
31 Saskatoon East 42955 Wb EAT 176,685 
33 Regina South 25,6, 11023 AT ESTs: 965 261,846 
35 Regina West PhS) ASE) TIS) 155798 59 308 ,833 
37 Biggar North 15788 38 29201 2na01 33,478 
39 Biggar West nabs MOY) 175 213,930 1970 228 82 
41 Edmonton North 692 692 
43 Edmonton South 74665 2,066 Ser estik 
45 Edmonton West 200 200 
47 Hanna South 1,098 287,005 142 288,905 
49 Hanna West 190 78,405 Zit 78,866 
61 Keewatin LAS LSS 
62 La Riviere 32,2250 324250 
63 Carberry LZ 6 FUS 12 S773 
64 Brandon 21450938 45,093 
71 Weyburn UTESy, Soy ZS 189 ,820 
72 Pasqua 133,483 4,682 ISBeNGS 
73 Bulyea 209,,687 209 ,687 
74 Bredenbury 21,494 25245 23,7139 
75 Saskatoon S352 6, 147 Mey | 22,207 
76 Wilkie 235,944 21,438 B2.,.094 290,276 
77 Assiniboia 612,036 42,086 654,,d:28 
78 Swift Current 477,490 Siscac 564,732 
79 Outlook 203,166 632961 267,,149 
81 Medicine Hat Nba Fl Valery Zooeooy 426,552 
82 Brooks 7,168 2 oR 4:5 ZZ AZO 
83 Lethbridge 846 438,926 439,772 
84 Vulcan 663 254,418 250,7080 
85 Calgary 148 bi Gs) 5,024 
86 Red Deer 61,084 61,084 
87 Edmonton 10,243 ip 10,,315 
90 N. Alberta RR West 59 2,324 2,383 
95 N. Alberta RR East 443 443 
97 British Columbia RR 340 340 
98 Great Slave RR 
TOTAL DEMANDS 5, 09s, 009 “S.pO4 2.1335, 792 14,690 6,287,654 
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OPTIMAL ALLOCATIONS: NEW NUMBER TWO CWRS 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
O01 Winnipeg North 16,108 16,108 
03 Winnipeg South LOR 317; 49,317 
O05 Winnipeg West 48,771 LAO Jed. 
07 Brandon North 18 , 886 18,886 
09 Brandon West 124,006 124,006 
11 Melville 86,928 86,928 
13 Dauphin 93,890 925 590 
15 Kamsack VSegeo 42,120 140,342 
17 Saskatoon Main 144,985 144,985 
19 Saskatoon South 246% 822 Zu", S22 
21 Saskatoon West 1,529 623,207 63,756 
23 Saskatoon North 9,662 1554 580 1655192 
25 Prince Albert East GbR O97 95% 997 
27 Prince Albert South 160,149 160,149 
29 Prince Albert West 81,802 81,802 
31 Saskatoon East 2IR 398 297, Som 
33 Regina South 247,167 2477, 167 
35 Regina West 28,746 28,746 
37 Biggar North 128,481 128,481 
39 Biggar West 1422909 142,963 
41 Edmonton North 41, 95a. Gay, 9a 
43 Edmonton South 102,099 102,099 
45 Edmonton West 26265 2.202 
47 Hanna South 1428565 142,565 
49 Hanna West 547,963 548.963 
61 Keewatin 42,665 42,665 
62 La Riviere 1015, 67 2 101,872 
63 Carberry 615,421 61,411 
64 Brandon _ 1435750 143,780 
71 Weyburn  155%5938 15353595 
72 Pasqua 152,914 1524944 
73 Bulyea 140,360 140,360 
74 Bredenbury 126% 720 126,720 
75 Saskatoon 131, 900 131,900 
76 Wilkie 141,288 141,288 
77 Assiniboia 47,224 “yy, Zou 
78 Swift Current Zon OUD 28,805 
79 Outlook 285209 285 253 
81 Medicine Hat 26,935 2659353 
82 Brooks LL 57 Jak 20% 
83 Lethbridge 38,184 38,184 
84 Vulcan 102,660 102,660 
85 Calgary 7,210 7,270 
86 Red Deer 39,535 39,535 
87 Edmonton 60,767 60,767 
90 N. Alberta RR West 25 5278 254278 
95 N. Alberta RR East 85055 8$555 
97 British Columbia RR 4,364 4,364 
98 Great Slave RR 491 491 
TOTAL DEMANDS 2,340,548 USox,aue7e 1, OS85,203 S86, fou" SOBs 622 
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ACTUAL ALLOCATIONS: NEW NUMBER TWO CWRS 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
O01 Winnipeg North V6, 307 howe ih OM 
03 Winnipeg South 49,186 ae 79 49) 317 
O5 Winnipeg West 48,688 83 48,771 
07 Brandon North 18,886 18 , 886 
09 Brandon West U2) 502 2,504 124 ,006 
11 Melville 85,146 HO? 86,928 
13 Dauphin 85,990 Hels) 93,889 
15 Kamsack SAS Jal, 205965 140,342 
17 Saskatoon Main 72,428 4,865 538003 145589 144,985 
19 Saskatoon South 6; S53 188 2,380 57 1! PREG, es SLB 
21 Saskatoon West 31,459 a 255019 il 3566 63, 7/55 
23 Saskatoon North 78,968 1S 13,284 61,130 165) S198 
25 Prince Albert East 35,043 13,3982 419 46,953 95 $9.97 
27 Prince Albert South 47,632 2600 15.396 94,255 160,149 
29 Prince Albert West 235,062 6,043 6 9290 46,407 81,802 
31 Saskatoon East 15, 55 ales ea 526 PLU aN lal 
33 Regina South 218 ;419 3,424 22910 22,415 247,166 
35 Regina West 27,488 373 885 28,746 
37 Biggar North 12,556 8,209 80,245 2 See: 128,481 
39 Biggar West ot eel 75 120 S138 125899 142 ,963 
41 Edmonton North 69 862921 >, 2 OL 4. $951 
43 Edmonton South 65.4 9a 365147 102 2099 
45 Edmonton West 2285 2 1265 
47 Hanna South 594 140 ,980 991 2 4565 
49 Hanna West 7A 47,873 4,019 SLL 3638 
61 Keewatin 42,665 42,665 
62 La Riviere TOL F872 VOW S872 
63 Carberry 61,411 61,411 
64 Brandon 143.8780 143,780 
71 Weyburn ~ WoO 35 b7 5 276 155, 593 
72 Pasqua 3, 492 ISe 422 152 OTA 
73 Bulyea 140,360 140 ,360 
74 Bredenbury PE4 219'5 i dey ds’ 126,720 
75 Saskatoon 118 7005 12,186 6,709 13115900 
76 Wilkie 99,884 Z2Ooe HO VO22 141,288 
77 Assiniboia 44,611 2,013 47 $224 
J8 wit (Current 23 $190 DOL ZB RS05 
79 Outlook ZALES 7,068 28 253 
81 Medicine Hat Ti, 363 15,570 26,933 
82 Brooks 669 70,588 ml 9257 
83 Lethbridge 421 375763 38,184 
84 Vulcan 419 LOZ R241 102,660 
85 Calgary 7271 7,271 
86 Red Deer 89 Sie cMeP! 454 39 {595 
87 Edmonton 128 56,454 4,186 60,768 
90 N. Alberta RR West 27a 24,927 80 se 0 2Y/Re: 
95 °N. #Alberta ’RR “Bast Sy oD 8,555 
97 British Columbia RR 51 4313 4,364 
98 Great Slave RR 80 410 491 
TOTAL DEMANDS 2,340,548 VSS wel. 17053 S208 VOOs7S4 83 9:18 [624 
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OPTIMAL ALLOCATIONS: NEW NUMBER THREE CWRS 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
O01 Winnipeg North WOR 252 48,232 
03 Winnipeg South 84,516 84,516 
O05 Winnipeg West 104,947 104 ,947 
07 Brandon North 74,068 74,068 
09 Brandon West 1M0% 784 110,784 
11 Melville 119%, 244 119,244 
13 Dauphin 26.17, 733 200% (85 
15 Kamsack 154 72 1 BS eee ke 
17 Saskatoon Main 763 59:1 765591 
19 Saskatoon South 20% 957 2015 937 
21 Saskatoon West eye Jey 38%, 341 
23 Saskatoon North 51,680 51,680 
25 Prince Albert East 27S S20 1298 1228 256,668 
277 Princes Alberts Souths, 1318513 1322513 
29 Prince Albert West 1014992 1226 188 224,180 
31 Saskatoon East 11 Sly inf, oay 
33 Regina South LOL aSa 1403284 
35 Regina West 63335 64533 
37 Biggar North 133% 864 1335.00. 
39 Biggar West 118,694 118,694 
41 Edmonton North 146,899 146,899 
43 Edmonton South 210%, 896 210,896 
45 Edmonton West 2058 103 203 103 
47 Hanna South 84,418 84,418 
49 Hanna West 135 034 1313, 084 
61 Keewatin 1088 392 108,392 
62 La Riviere 1388 993 1385 993 
63 Carberry 150,760 1503 760 
64 Brandon 1674627 16y¥ 4 62a 
71 Weyburn 77,154 77,154 
72 Pasqua 90); 706 903 703 
73 Bulyea 653 281 65% 2o0 
74 Bredenbury 16ay Zou 1815.20 
75 Saskatoon SoReoo 893383 
76 Wilkie 14347 141,347 
77 Assiniboia 9,485 9,485 
TO OWastice Olliawe mit 184 693 ISe69S 
79 Outlook 105 935 5,844 16,829 
81 Medicine Hat 5,493 5,493 
82 Brooks Diy 9a SIs 932 
83 Lethbridge 6,383 6,383 
84 Vulcan 26,423 265,423 
85 Calgary 5,061 5,061 
86 Red Deer 916139 914,189 
87 Edmonton 1705 312 1703312 
90 N. Alberta RR West 1256208 1253 262 
95 N. Alberta RR East 42,746 42,746 
97 British Columbia RR SES goes 535.394 
98 Great Slave RR 20,877 20,877 
TOTAL DEMANDS 24, 207, ODD 129,148 984,346 9227, OL0F 45.5435 158 
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ACTUAL ALLOCATIONS: NEW NUMBER THREE CWRS 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
01 Winnipeg North 48,113 120 48,233 
03 Winnipeg South 84,516 84,516 
05 Winnipeg West 104,767 oa 89 104,947 
07 Brandon North 74,068 74,068 
09 Brandon West 109,164 Weols 237 70 110,784 
11 Melville 116,560 2,684 119,244 
13 Dauphin Dole 2 29922 49 60 26175735 
15 Kamsack TO Gtr? eo 6 56 Lissa 
17 Saskatoon Main 48,202 ietet 4,623 22,404 169592 
19 Saskatoon South 14,199 60 1356 5,340 20 5957 
21 Saskatoon West 275770 1,888 2,739 52950 38,341 
23 Saskatoon North Ze 1OL 4,407 W023 222048 Si 679 
25 jPrince Albert tEast 705,045 oS 2.6 699 16645958 256,668 
27 Prince Albert South 18,099 2 ODS Lg eS) 108 623 1ST e5 i 
29 Prince Albert West 695269 7,133 7 5O70 140 , 408 224,180 
31 Saskatoon East Seo Se OL igo le lees 
33 Regina South 91,8240 leo 75 Ph ISIS) 14,166 11.0 962 
35 Regina West 6,075 150 107 63532 
37 Biggar North 172093 4,784 57. 41 54,443 133 3861 
39 Biggar West SCR MS) 114 Gle372 519290 118,692 
41 Edmonton North 7,154 64,303 75,441. 146 ,900 
43 Edmonton South “yi 25 102 (610 103,561 210,896 
45 Edmonton West PLAN 08) sgh y eke) 2,804 20,103 
47 Hanna South Gw793 OSes 2 14 39538 84,418 
49 Hanna West 2.007 sisi ohm) ey 06 v3 isi 30s 
61 Keewatin LOG 92 108 7392 
62 La Riviere Steyn hele 138,993 
63 Carberry PSUR 672 89 1505761 
64 Brandon ilo? see! 70 167,627 
71 Weyburn ' 76,414 740 TIS 154 
72 Pasqua 80,110 10,594 905703 
73 Bulyea 6a5200 GoeZeL 
74 Bredenbury 161,894 U9e342 mS) 181,289 
75 Saskatoon Tara Tab wh Tea 417 So, o62 
76 Wilkie 114,214 9,019 LS ees 141,348 
77 Assiniboia B92 563 9,485 
He Swpalicie Ober LZkoe ieee) 13,694 
no Wutilook 13,410 o,419 16,829 
81 Medicine Hat Seo a: 2,160 5,493 
82 Brooks ia ios) 50,614 165 ow 
83 Lethbridge 920 5,463 6,383 
84 Vulcan 13665 24,758 26,423 
85 Calgary 420 4,641 5,061 
86 Red Deer tees 2 iL 80,652 65520 Seb skye) 
87 Edmonton 7,007 86,584 Plows Clewh 170 S3A2 
90 N. Alberta RR West wl eras! 108,189 Fie: 125,260 
95 iN. Alberta RR East 5,645 SF LOL 42,746 
97 British Columbia RR 190 Do lo4 seh eier 
98 Great Slave RR 995 19,882 20,877 
TOTAL DEMANDS 25507, 6p 129,148 984,346 922 ;009 4,543 7158 
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OPTIMAL ALLOCATIONS: CWRS NO. 1, 11.5% Protein (Grade 115) 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 


01 Winnipeg North 
03 Winnipeg South 
O05 Winnipeg West 
07 Brandon North 
09 Brandon West 
11 Melville 


13 Dauphin 

15 Kamsack 

17 Saskatoon Main 821 821 
19 Saskatoon South 997 997 
21 Saskatoon West 294 ARS! 
23 Saskatoon North 1,041 1,041 
25 Prince Albert East 2: lye? 
27 Prince Albert South ZAG 52 25452 
29 Prince Albert West 1010 15010 
31 Saskatoon East 

33 Regina South Sy 913 965 
35 Regina West 111 Lathe 
37 Biggar North 2301 Ze 361 
39 Biggar West 14,970 1n970 
41 Edmonton North 

43 Edmonton South 2,066 2,066 
45 Edmonton West 

47 Hanna South 142 142 
49 Hanna West 271 27 1 


61 Keewatin 

62 La Riviere 

63 Carberry 

64 Brandon 

71 Weyburn 

72 Pasqua 

73 Bulyea 

74 Bredenbury 

75 Saskatoon 

76 Wilkie 

77 Assiniboia 

Wes Swiss Cwiceeiaie 

79 Outlook 

81 Medicine Hat 

82 Brooks 

83 Lethbridge 

84 Vulcan 

85 Calgary 

86 Red Deer 

87 Edmonton YD oie 
90 N. Alberta RR West 
95 N. Alberta RK East 
97 British Columbia RR 
98 Great Slave RR 


TOTAL DEMANDS Did 14,690 14,742 
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ACTUAL ALLOCATIONS: CWRS NO. 1, 11.5% Protein (Grade 115) 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 


01 Winnipeg North 
03 Winnipeg South 
O05 Winnipeg West 
07 Brandon North 
09 Brandon West 
11 Melville 


13 Dauphin 

15 Kamsack 

17 Saskatoon Main 821 821 
19 Saskatoon South 997 997 
21 Saskatoon West ZO 298) 
23 Saskatoon North 1,041 1,068 
25 Prance Albert. East 172 Ze 
27 Prince Albert. South 2,452 Wee Sy 
29 Prince Albert West 1,010 1010 
31 Saskatoon East 

33 Regina South 965 965 
35 Regina West 52 SiS) 14 
37 Biggar North Peavey. 2,300 
39 Biggar West 129'7'0 iL o80 
41 Edmonton North 

43 Edmonton South 2,066 2,066 
45 Edmonton West 

47 Hanna South 142 142 
49 Hanna West 271 294. 


61 Keewatin 

62 La Riviere 

63 Carberry 

64 Brandon 

71 Weyburn 

72 Pasqua 

73 Bulyea 

74 Bredenbury 

75 Saskatoon 

76 Wilkie 

Yi Assinaboia 

7 Sema Cwbereeyaye 

79 Outlook 

81 Medicine Hat 

82 Brooks 

83 Lethbridge 

84 Vulcan 

85 Calgary 

86 Red Deer 

87 Edmonton 72 72 
90 N. Alberta RR West 
95 N. Alberta RR East 
97 British Columbia RR 
98 Great Slave RR 


TOTAL DEMANDS 52 14,690 14,742 
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OPTIMAL ALLOCATIONS: CWRS NO. 1, 13.5% Protein (Grade 135) 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
01 Winnipeg North 1228 18.226 
03 Winnipeg South 168 77.9 168779 
05 Winnipeg West 5,664 5,664 
07 Brandon North 13,498 1,491 
09 Brandon West 248 O02 24% 002 
11 Melville 33.240 3h 210 
13 Dauphin 4,089 4,089 
15 Kamsack 16%, 972 165.9972 
17 Saskatoon Main 108,546 108,546 
19 Saskatoon South 127 204 27% 274 
21 Saskatoon West 73 805 739 345 149,180 
23 Saskatoon North 34,761 34%, 761 
Zoo Paneer Al bertt Hast ee. Ded 
277 Princes Albertt South 11,498 11,498 
29 Prince Albert West 75985 On 933. 
31 Saskatoon East 117), a5 117,415 
33 Regina South 142,412 142,412 
35 Regina West 207,418 207,418 
37 Biggar North 18, 952 186 952 
39 Biggar West 1425 167 142,137 
41 Edmonton North 376 376 
43 Edmonton South 45578 “E57 S 
45 Edmonton West 200 200 
47 Hanna South Zoo 72a ZBoe 128. 
49 Hanna West 625004 62,354 
61 Keewatin on GOL 22.484 
62 La Riviere 24% 208 24,238 
63 Carberry 3) 9S 3), Dil 
64 Brandon » 285468 28,468 
71 Weyburn 1442075 144 ,075 
72 Pasqua 54,469 54,469 
73 Bulyea 151,647 1513.6049 
74 Bredenbury 14,954 14,954 
75 Saskatoon 53,806 535006 
76 Wilkie 1382 222 1899222 
77 Assiniboia 5132046 513,046 
78 Swift Current 45%, S19 4475549 
79 Outlook 157,509 1574509 
81 Medicine Hat 3603 /o8 360,758 
82 Brooks LEA 259 152259 
83 Lethbridge 5315/90 3315790 
84 Vulcan 1875749 187,749 
85 Calgary 4,387 4,387 
86 Red Deér 46,808 46,808 
87 Edmonton 7,157 75157 
90 N. Alberta RR West 638 638 
95 N. Alberta RR East Zag 233, 
97 British Columbia RR 340 340 
98 Great Slave RR 
TOTAL DEMANDS 28 4625 299 13.799 $922 4,260,220 
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ACTUAL ALLOCATIONS: 


CWRS NO. 1, 13.5% Protein (Grade 135) 
(metric tonnes) 


Origin Name Thunder 


Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 

O01 Winnipeg North ME alas 142258 
03 Winnipeg South L6 397022 16,774 
05 Winnipeg West 5,664 5,664 
07 Brandon North 1,491 1,491 
09 Brandon West 20,3925 79 21,;002 
11 Melville eye 40) 3 F200 
13 Dauphin 4,089 4,089 
15 Kamsack al ype 2) 7542 6,872 
17 Saskatoon Main 72,948 32,595 108 ,546 
19 Saskatoon South 96,647 ZOvOZe 127.5274 
21 Saskatoon West 98,693 50,486 149, 179 
23 Saskatoon North 845137 624 34, Sie) 
25 Prince Albert East 522 522 
27 Prince Albert South 10562/ ey) Al 1 98 
29 Prince Albert West 9003 934 9, {937 
31 Saskatoon East J15630 LS) BD TA 5 
33 Regina South 140,384 2.025 142 eee 
35 Regina West 1B Un. La a6 207, ly 
37 Biggar North 993 WIGS 9 18,352 
39 Biggar West 6,514 135,023 TAZ a7 
41 Edmonton North 376 376 
43 Edmonton South 6,578 4,578 
45 Edmonton West 200 200 
47 Hanna South 593 SS Sys INSEE) 25529 28 
49 Hanna West 72 62,282 62 9354 
61 Keewatin Zao dl 2 EH 
62 La Riviere 25 $209 2a F239 
63 Carberry oye sis) 1) ee 21S) 0h 
64 Brandon . 20.406 28 ,468 
71 Weyburn 142 40387 2,038 1445075 
72 Pasqua yeah The) 3,354 54,469 
73 Bulyea iSis, 64:7 15 Oey, 
74 Bredenbury 14,954 14,954 
75 Saskatoon 5 1 ons Loss 53 7000 
76 Wilkie 117,408 20816 139 R22 
77 Assiniboia Gi Ti2is SO 40,808 513 046 
78 Swaitt! Current B42y go 74,588 417,519 
79 Outlook 117,306 40,203 57 4509 
81 Medicine Hat 128,914 Zeta 360,759 
82 Brooks 5,096 146,163 ies Sas) 
83 Lethbridge 396 Solo 4 Sal, 790 
84 Vulcan 488 US aco 187,749 
85 Calgary 148 Aa eS) 4,387 
86 Red Deer 46,808 46,808 
87 Edmonton 7,17 7 how: 
90 N. Alberta RR West 639 639 
95 N. Alberta RR East Zou 237 
97 British Columbia RR 340 340 
98 Great Slave RR 

TOTAL DEMANDS 2,402,299 SATS as ea 4,260,220 
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OPTIMAL ALLOCATIONS: CWRS NO. 2, 11.5% Protein (Grade 215) 


COMBINED Transportation Cost Matrix 


(metric tonnes) 


Origin Name 


Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
O01 Winnipeg North 365 365 
03 Winnipeg South 19 73 
05 Winnipeg West 561 568 
07 Brandon North 1,449 1,449 
09 Brandon West 223 225 
11 Melville 827 827 
13 Dauphin 12384 1,384 
15 Kamsack 2,203 22268 
17 Saskatoon Main 14,687 14,687 
19 Saskatoon South 55744 55 740 
21 Saskatoon West 1,663 1,663 
23 Saskatoon North 61,342 643342 
25 Prince Albert East 473495 473495 
Zoe PrincesAibertt South 94,420 94,420 
29 Prince Albert West 465225 46,225 
31 Saskatoon East 526 226 
33 Regina South DROS 12396" 225420 
35 Regina West 130 13336 
37 Biggar North Dine S40 21,040 
39 Biggar West 125820 125.620 
41 Edmonton North 576m Spavkey! 
43 Edmonton South Step pop/ i) 35 O27 
45 Edmonton West 
47 Hanna South 949 949 
49 Hanna West Sa OKS Sy b/s) 
61 Keewatin 827 827 
62 La Riviere SS! 354 
63 Carberry 3,815 SPS 
64 Brandon 540 540 
71 Weyburn Dolla: gine. 
72 Pasqua E5326 14326 
73 Bulyea 27 i om 
74 Bredenbury Syoy0) 550 
75 Saskatoon DS lUts' 22 O88 
76 Wilkie 2a 20 LA. 
77 Assiniboia 
78 Swift Current eZ 132 
79 Outlook 117 11g, 
81 Medicine Hat 
82 Brooks 
83 Lethbridge 
84 Vulcan 
85 Calgary 
86 Red Deer 454 454 
87 Edmonton 4,186 4,186 
90 N. Alberta RR West 80 80 
95 N. Alberta RR East 
97 British Columbia RR 
98 Great Slave RR 
TOTAL DEMANDS Zon eee 384,706 407,907 
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OPTIMAL ALLOCATIONS: CWRS NO. 2, 11.5% Protein (Grade 215) 


EXCLUSIVE Transportation Cost Matrix 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
01 Winnipeg North HS) 365 
03 Winnipeg South TAD 79 
O5 Winnipeg West 561 561 
07 Brandon North 1,449 1,449 
09 Brandon West 225 225 
11 Melville 827 827 
13 Dauphin 1,384 1,384 
15 Kamsack oy i 1 pa2 Z2P263 
17 Saskatoon Main 14,687 14,687 
19 Saskatoon South 5 PRA Se 
21 Saskatoon West 1,663 1,663 
23 Saskatoon North Gil 9342 61,342 
25 ePrince sAlbert Bast aay, RIS 417475 
2/ PPeincesA tbertySeuth 94,420 94,420 
29 Prince Albert West 46 22:25 46,225 
31 Saskatoon East 526 526 
33 Regina South 22 9720 DED 7 XY 
35 Regina West 1$336 13906 
3/ BBiogaryNerth Die sy | 27,547 
39 Biggar West TZ 3820 1 720 
41 Edmonton North Sim Siewl Dawol 
43 Edmonton South S550 a S51, 70h 
45 Edmonton West 
47 Hanna South 949 949 
49 Hanna West EES) Sow 
61 Keewatin S27 827 
62 La Riviere Sl Bor 
63 Carberry : 3 $816 37015 
64 Brandon 540 540 
71 Weyburn Zi ae, 
72 Pasqua 126 1537216 
73 Bulyea 271 207A 
74 Bredenbury 550 550 
75 Saskatoon De SAlte 2,818 
76 Wilkie 2 TOA 2a. 
77 Assiniboia 
PS CswitteCurrent WZ iS 2 
79 Outlook 117 ine, 


81 Medicine Hat 
82 Brooks 
83 Lethbridge 


84 Vulcan 
85 Calgary 
86 Red Deer 454 SY, 
87 Edmonton 4,186 4,186 
90 N. Alberta RR West 80 80 


95 °N. Alberta RR East 
97 Beatish Golumbia RR 
98 Great Slave RR 


TOTAL DEMANDS 23,201 384,706 407 ,907 
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ACTUAL ALLOCATIONS: CWRS NO. 2, 11.5% Protein (Grade 215) 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 

O01 Winnipeg North 365 30D 
03 Winnipeg South of) 13 
O5 Winnipeg West SO 561 
07 Brandon North 1,449 1,449 
09 Brandon West 225. 225 
11 Melville 827 Bizzy 
13 Dauphin 16 384 16 304 
15 Kamsack 28 263 2 205 
17 Saskatoon Main 176 14521 14,687 
19 Saskatoon South Sie: 5,/41 
21 Saskatoon West 96 L507) 1,663 
23 Saskatoon North 439 60,903 61,5 342 
250 PrancevAlbert? hast 877 46,598 4IRG75 
2Jo Princes Alberts Somth syel 94,049 94,420 
29 Prince Albert West 223 46,002 4G6e.225 
31 Saskatoon East SAS 526 
33 Regina South 305 225 4L9 22% 20 
35 Regina West 451 885 15, 326 
37 Biggar North 119 IL PIES 27 S47. 
39 Biggar West WP) row 40) 127,820 
41 Edmonton North 5, 961 St 264 
43 Edmonton South SAS! 355507 
45 Edmonton West 

47 Hanna South 949 949 
49 Hanna West eye) 839795 
61 Keewatin S27) 827 
62 La Riviere Sow 35 
63 Carberry Spee) : By, 815 
64 Brandon : 540 540 
71 Weyburn 212 Ze 
72 Pasqua i206 5326 
73 Bulyea Did PA pal 
74 Bredenbury 550 550 
_75 Saskatoon oy OLS 2,818 
76 Wilkie 2 vied) 23114) 
jie Sssamiboia 

78 Swift Current 12 182 
79 Outlook 7: 17 
81 Medicine Hat 

82 Brooks 

83 Lethbridge 

84 Vulcan 

85 Calgary 

86 Red Deer 454 454 
87 Edmonton 4,186 4,186 
90 N. Alberta RR West 80 80 


95 N. Alberta RR East 
97 British Columbia RR 
98’ Great Slave RR 


TOTAL DEMANDS 23200 384,706 407,907 
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OPTIMAL ALLOCATIONS: CWRS NO. 2, 12.5% Protein (Grade 225) 


COMBINED Transportation Cost Matrix 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
O01 Winnipeg North Sy Loess: 5, $053 
03 Winnipeg South S07 8,587 
05 Winnipeg West 15,444 15,444 
07 Brandon North 8,882 8,882 
09 Brandon West EO 65. 9. 8654 
11 Melville VO 7945 165945 
13 Dauphin 38 7236 38.236 
15 Kamsack 45,093 45,093 
17 Saskatoon Main 61,826 3,619 65,7445 
19 Saskatoon South Ih, BEG ies S\N) 
21 Saskatoon West 85,004 35,004 
23 Saskatoon North SO eal BO Pa2d. 
25 Prince Albert East 28; a2 Zo poo 
27 Prince Albert South B49 34,519 
29 tPrince PAl bert West MOR 298 Po 4298 
31 Saskatoon East M2 80451 V2, SO] 
33 Regina South ELS aE sy 3) 25. J 11358 
35 Regina West 4,458 4,458 
37 Biggar North 91,720 O20 
39 Biggar West UAL ¢a59 V2 5239 
41 Edmonton North DS, 2 OD F259 
43 Edmonton South S55 Sell 5) 6 Ol 
45 Edmonton West 242105 2 eeOD 
47 Hanna South 140 ,536 140,536 
49 Hanna West ATOo5 47,695 
61 Keewatin SZ S9 URLS) 
62 La Riviere WOEse7 14,887 
63 Carberry 825.9555 2500 
64 Brandon 14,050 14,050 
71 Weyburn 15,7350 BS, $530 
72 Pasqua 524 050 524055 
73 Bulyea 15 S501 DS hss 
_ 74 Bredenbury LS feel 682 18 7953 
75 Saskatoon 29°53 47 6 29, 3176 
76 Wilkie 59.7003 59 2008 
#/ PASSiINnVbOTA 6,606 6,606 
78 Sswitt <Current 8,454 8,454 
79 Outlook 9F8S/ 9FSo/ 
81 Medicine Hat DG eno9 16-199 
82 Brooks 70,469 70,469 
83 Lethbridge Si ROVS Suess 
84 Vulcan 101,764 101,764 
85 Calgary he ges ded. Teg tal 
86 Red Deer Dogs on Gi go ve 
87 Edmonton 36 y209 5), 2/8) 
90 N. Alberta RR West 24,801 24,801 
95 N. Alberta RR East 8,497 8,497 
97 British Columbia RR SFOL6 3,616 
98 Great Slave RR 354 354 


TOTAL DEMANDS BIg IO PSS YO2Z2 L1FO4 7 7734 Lok, 479 
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OPTIMAL ALLOCATIONS: 


Origin Name 


ip 


CWRS NO. 2, 12.5% Protein (Grade 225) 
EXCLUSIVE Transportation Cost Matrix 


(metric tonnes) 


Thunder Churchill Vancouver 
Bay 
01 Winnipeg North 5F,.653 
03 Winnipeg South Se Doy 
O05 Winnipeg West 15,444 
07 Brandon North 8,882 
09 Brandon West 197, 650. 
11 Melville 16,945 
13 Dauphin Se .75 202 858 
15 Kamsack 45,093 
17 Saskatoon Main 61,526 Shy Dal 
19 Saskatoon South 42336 
21 Saskatoon West 35,004 
23 Saskatoon North 39,820 
25) Prances Albert) East 28, Doe 
27° Prance Albert South 34,519 
29 Prince Albert West 195,298 
31 Saskatoon East 123 04a 
33 Regina South 25% JOS 
35 Regina West 4,458 
37 Biggar North iS Wihs eta) 
39 Biggar West 1238 265 
41 Edmonton North 393 230 
43 Edmonton South 65% 561. 
45 Edmonton West 23 205 
47 Hanna South 1407536 
49 Hanna West CanOo > 
61 Keewatin 13% 269 ; 
62 La Riviere 14,887 
63 Carberry Dy) 
64 Brandon 14,050 
71 Weyburn 15,830 
72 Pasqua 524,055 
73 Bulyea 15%, 63a 
74 Bredenbury 183953 
75 Saskatoon 297, 196 
76 Wilkie 595.003 
77 Assiniboia 6,606 
78 Swift Current 8,454 
79 Outlook 9,887 
81 Medicine Hat 16,199 
82 Brooks 70,469 
83 Lethbridge 374693 
84 Vulcan 101,764 
85 Calgary I 27h. 
86 Red Deer SORgUL 
87 Edmonton 565279 
90 N. Alberta RR West BYES HOI 
95 N. Alberta RR East 8,497 
97 British Columbia RR 3,086 
98 Great Slave RR 354 
TOTAL DEMANDS 39'S, 703 138,022) 15047,754 


Prince 
Rupert 


1,581,479 


TOTAL 
SUPPLIES 


5,653 
8,587 
15,444 
8,882 
19,651 
16,945 
28h 23% 
45,093 
65,445 
4,336 
35,004 
39,821 
28,552 
34,519 
19,298 
12,041 
25,758 
4,458 
91,720 
1218 233 
35,235 
65,561 
2,265 
140,536 
47,695 
13,289 
14,887 
25,555 
14,050 
15,830 
52,055 
15,831 
18,953 
29,176 
59,003 
6 , 606 
8,454 
9,887 
16,199 
70,469 
37,693 
101,764 
ph o77 
38,992 
56,279 
24,801 
8,497 
3,616 
354 
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ACTUAL ALLOCATIONS: 


Origin Name 


01 
03 
05 
07 
09 
16h 
13 
15 
1g 
19 
24 
23 
25 
27 
29 
31 
33 
es 
37 
39 
41 
43 
45 
47 
49 
61 
62 
63 
64 
| 
72 
73 
74 
75 
"76 
| 
78 
79 
81 
82 
83 
84 
85 
86 
87 
90 
95 
97 
98 


Winnipeg North 
Winnipeg South 
Winnipeg West 
Brandon North 
Brandon West 
Melville 

Dauphin 

Kamsack 

Saskatoon Main 
Saskatoon South 
Saskatoon West 
Saskatoon North 
Prince Albert East 
Prince Albert South 
Prince Albert West 
Saskatoon East 
Regina South 
Regina West 

Biggar North 
Biggar West 
Edmonton North 
Edmonton South 
Edmonton West 
Hanna South 

Hanna West 
Keewatin 

La Riviere 
Carberry 

Brandon 

Weyburn 

Pasqua 

Bulyea 

Bredenbury 
Saskatoon 

Wilkie 

Assiniboia 

Swalits Current 
Outlook 

Medicine Hat 
Brooks 

Lethbridge 

Vulcan 

Calgary 

Red Deer 

Edmonton 

N. Alberta RR West 
N. Alberta RR East 
British Columbia RR 
Great Slave RR 


TOTAL DEMANDS 


(metric tonnes) 


Thunder Churchill 
Bay 
se SH) 
8,35 
15, 861 
8 , 882 
17 AF 2,504 
15,263 hg FOZ 
30,432 7,804 
24 0129 20,964 
8S 767 4,865 
IS Hore: 188 
4315 in a 
14 726 Wak, oh ak a 
14 55a 1335.82 
16 2597 2,866 
6,965 6,043 
B29 
De Sees. 
4,085 
3.266 Sye2O 
182 Lo l7S 
279 
13,289 
14,887 
DS, D5) 
14,050 
10 $554 
36 633 
LSy6 eal 
6,428 1S 25 
NOV Sa 2 , LS 
17 ,656 Dd HOE 
3,993 
2,839 
2,819 
629 
42 
395,703 DS Bee 2 ele, 


Vancouver 


yA 
83 


Sets 
2.380 
NA i) 
13,284 
419 
15,396 
6,290 
Hie0 
2,910 
373 
80,246 
1195677 
35,235 
65,561 
2,265 
140,257 
47,695 


Ss 
15,422 


6,709 
18,965 
2.618 
5,615 
7,068 
15,570 
70,469 
37,693 
101,764 
rhe eA 
38,992 
56,279 
24,759 
8,497 
3,616 
354 


047,754 


lspanbeter=) 
Rupert 
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CWRS NO. 2, 12.5% Protein (Grade 225) 


TOTAL 
SUPPLIES 


140,536 
47,695 
13,289 
14,887 
25,555 
14,050 
15,830 
52,055 
1S ena 
18,953 
29 AIG 
59,003 

6 , 606 
8,454 
9,887 
16,199 
70,469 
7,693 
101,764 
7,278 
38,992 
56,279 
2h 802 
8,497 
3,616 
354 


1,581,479 
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ACTUAL AND OPTIMAL ALLOCATIONS: 


CWRS NO. 2AmS25% Protein) (Grade 235) 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
O01 Winnipeg North Wh, O32 OE OSD 
03 Winnipeg South BOL o46 38,946 
05 Winnipeg West all, May IED: ey 
07 Brandon North Mi, 7 , Fi, G98 
09 Brandon West 103,849 103,849 
11 Melville 677,102 6.79, 102 
13 Dauphin 49,836 49,836 
15 Kamsack 910%, 67-8 90,678 
17 Saskatoon Main GIA 249 61,249 
19 Saskatoon South Lae 74S 14,745 
21 Saskatoon West 26,990 26,990 
23 Saskatoon North 63,744 63,744 
25 Prince Albert East 19,426 19 ,426 
274 Peinces Albents South 30,906 20% 906 
29 Prince Albert West 1S Be 155874 
31 Saskatoon East As, 77a 1, J als 
33 Regina South 1933256 198% 256 
35 Regina West BD, OL DAD L392 
37 Biggar North oT 70 OS 57.0 
39 Biggar West 8,569 8,209 
41 Edmonton North 69 69 


43 Edmonton South 
45 Edmonton West 


47 Hanna South S15 345 
49 Hanna West Wal ral 
61 Keewatin Z04o7 26,457 
62 La Riviere 85,646 85,646 
63 Carberry a, S89 BIL SS9 
64 Brandon 128,891 128% S9a 
71 Weyburn L39R Zor 1395 254 
72 Pasqua 99,473 SEV Ge ss} 
73 Bulyea IVSs BS 1234 398 
_74 Bredenbury 104, 979 1065 949 
7 Saskatoon RS A ETE) DOR 30 
76 Wilkie 7h leks 1 oR Jae 
Je ASS DOma 40,428 40,428 
78 Swift Current 2,0), L060 20,160 
79 Outlook Lo .206 18,208 
81 Medicine Hat 10,734 10,734 
&2) Becoks 669 669 
83 Lethbridge 421 421 
84 Vulcan S27 327 
85 Calgary 
86 Red Deer 89 89 
87 Edmonton 128 128 
90 N. Alberta RR West 229 229 
95 N. Alberta RR East 
97 British Columbia RR Syit Bull 
98 Great Slave RR 80 80 


TOTAL DEMANDS 1), O96, 919 18967919 


Ais ego.) Ah Ca 


einem se 


“e280 7 aie 
err te - SNE Ie 
2564 ate 28,4 


oe) 00 — pas, £02 
ger va ' a 
ALA, Ve a ‘ort, i 


#7 se weet, §. ee 
Her, te 7 Ps ese.ta nleM 2 


Baye! 


unr se 


A Mey -« 


‘ eo aig o penee “4 


a =) 
— ae ‘a 
— : 


OPTIMAL 


Origin Name 


O01 Winnipeg North 

03 Winnipeg South 

O5 Winnipeg West 

O07 Brandon North 

09 Brandon West 

11 Melville 

13 Dauphin 

15 Kamsack 

17 Saskatoon Main 

19 Saskatoon South 

21 Saskatoon West 

23 Saskatoon North 

25 Prince Albert East 
Ay sexiness losis Sopiein 
29 Prince Albert West 
31 Saskatoon East 

33 Regina South 

35 Regina West 

37 Biggar North 

39 Biggar West 

41 Edmonton North 

43 Edmonton South 

45 Edmonton West 

47 Hanna South 

49 Hanna West 

61 Keewatin 

62 La Riviere 

63 Carberry 

64 Brandon 

71 Weyburn 

72 Pasqua 

73 Bulyea 

74 Bredenbury 

_ 75 Saskatoon 

76 Wilkie 

FH NSS aligtat veoh et 

His Swaline Guacaceiohke 

79 Outlook 

81 Medicine Hat 

82 Brooks 

83 Lethbridge 

84 Vulcan 

85 Calgary 

86 Red Deer 

87 Edmonton 

90 N. Alberta RR West 
95 N. Alberta RR Bast 
97 British Columbia RR 
98 Great Slave RR 


TOTAL DEMANDS 


ALLOCATIONS: 


CWRS NO. 3 


(metric tonnes) 


Thunder 
Bay 


43,455 
81,230 
94,555 
66,778 
107,014 
(ano 7 
229,319 
104,617 
68,784 
20,759 


124,642 
130,079 


11,350 
105,726 
6,287 


101,003 
129,979 
144,288 
163,906 
76,865 
88,537 
61,617 
173,244 
86,448 


D262 


16.098 
5,187 


2, 2D OO. 


CGhurvehi 17 


125 ov a 


LRM! I 


93,244 


118,345 
143,908 
209,082 
16,626 
83,861 
130,746 


LOS sv ov 


964,569 


Vancouver 


(Grade 300) 


Pastimes 
Rupert 


375920 
Se aI If 


126,344 


133,598 


140,382 


11,463 
5,493 
51,761 
6,239 
25,254 
5,061 
89,124 


121,835 
41,691 
48,153 
1ee7ie 


Ol, Soo 
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TOTAL 
SUPPLIES 


43,455 
81,230 
94,555 
66,778 
107 01% 
111,427 
229,319 
104,617 
68,784 
20,759 
37,920 
Sd 277 
253,519 
130,079 
219,558 
11,350 
105,726 
6,287 
133,598 
118,345 
145,908 
209,082 
16,626 
83,861 
130,746 
101,003 
129,979 
144,288 
163,906 
76,865 
88,537 
61,617 
17s (244 
86,448 
140,382 
9,262 
13,298 
16,650 
5,493 
51,761 
6,239 
25,254 
5,061 
ey yA 
168,757 
121,835 
41,691 
48,153 
18..wale 
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ACTUAL ALLOCATIONS: CWRS NO. 3 (Grade 300) 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 
01 Winnipeg North 43,455 HS 5) 
03 Winnipeg South 815.230 81,230 
05 Winnipeg West 94,395 ht 89 94,555 
07 Brandon North 66,778 66,778 
09 Brandon West 1035594 ake ey is| 239 70 107,014 
11 Melville 108,744 22683 M5427 
13 Dauphin 199 5499 29 it 49 60 2 20a 9 
15 Kamsack O2R 205 50 56 1045647 
17 Saskatoon Main 41,434 1-361 Speke! 22,202 68,784 
19 Saskatoon South 14,000 60 lbees aye) Bug ele) 20,758 
21 Saskatoon West 27,446 Big ekene) 2,634 5.50 374929 
23 Saskatoon North 23,0395 4,407 1,023 22,014 Dey 
25 Prince: Albert’ East 68,106 LORS 26 699 165,388 253,500) 
27 Prince Albert South 17S FOL 2003 eo a7 107 ,498 1305079 
29 Prince Albert West 657,706 Uf 5 Sve iesy he 139,348 2192586 
31 Saskatoon East 8,209 TRS News 179 15350 
33 Regina South Oreo, Io74 2555 1S Gy 1055726 
35 Regina West 6,030 150 107 6,287 
37 Biggar North 16,975 a o4 57 goa SNA 1335598 
39 Biggar West 5,700 0S oh goksial Seo 1iS5 345 
41 Edmonton North Gaon 63,190 74,046 143,908 
43 Edmonton South i Sye(0) TOl, Sai 1025651 209 ,082 
45 Edmonton West st opa RES) 13.4576 2545) 16; 626 
47 Hanna South 657293 625783 TAT ets) 83,861 
49 Hanna West 2,667 85,104 42,973 130,746 
61 Keewatin Lon; 903 1015003 
62 La Riviere 1295979 129,979 
63 Carberry 144 , 199 89 144,288 
64 Brandon 1635936 70 163,906 
71 Weyburn 76, Jee 5 740 76,609 
72 Pasqua Fed SVEN) 105540 SG. oo7 
73 Bulyea Ci, oly 615017 
74 Bredenbury 153 0 07 Zoe 53 17S 24e 
_75 Saskatoon 74,261 0 417 86,448 
76 Wilkie 113,248 oF O19 ay creas Mes, TAORS62 
77 Assiniboia eos) 563 oe 2 62 
78 Swift Current a FAS) 7) 15336 135298 
79 Outlook LS eg d 3. 308 16,650 
81 Medicine Hat epgowS] 280 5,493 
82 Brooks 982 50), 615 166 Swill rewh 
83 Lethbridge 920 iio 6,239 
84 Vulcan Ly OF2, 24,182 OOR eon 
85 Calgary 420 4,641 55061 
86 Red Deer 3,885 79030 6,209 89,124 
87 Edmonton PAGI 85.75% Jo5,.009 168,757 
90 N. Alberta RR West HALO KS) 1054353 Ff ee) 2s SS 
95 N. Alberta RR East Booc 364559 41,691 
97 British Columbia RR 140 48,013 48,153 
98 Great Slave RR 994 L/ 78 LS fae 
TOTAL DEMANDS 2 G0 2 ODE T2350 90 964,569 9121 th Ose ous 
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OPTIMAL ALLOCATIONS: TOUGH CWRS NO. 1, 12.5% Protein (Grade 1125) 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 

O1 Winnipeg North 

03 Winnipeg South 361 361 

O05 Winnipeg West S10) 502 

07 Brandon North 242 242 


09 Brandon West 

11 Melville 

13 Dauphin 

15 Kamsack 

17 Saskatoon Main 

19 Saskatoon South 59 59 
21 Saskatoon West 

23 Saskatoon North 

25 Prince (Albert “East 44 44 
2) goreice Albert South 

29 Prince Albert West 

31 Saskatoon East 

33 Regina South 

35 Regina West 

37 Biggar North 

39 Biggar West 

41 Edmonton North 80 80 
43 Edmonton South 

45 Edmonton West 

47 Hanna South 

49 Hanna West 

61 Keewatin 

62 La Riviere HA, Ted: 
63 Carberry 409 : 409 
64 Brandon 

71 Weyburn 

72 Pasqua 

73 Bulyea 

74 Bredenbury 

_ 75 Saskatoon 

76 Wilkie 

77 Assiniboia 

WS tswatat (Cumrcent 89 89 
79 Outlook 59 Sys) 
81 Medicine Hat 

82 Brooks 

83 Lethbridge 

84 Vulcan 58 58 
85 Calgary 

86 Red Deer 

87 Edmonton Bel 91 
90 N. Alberta RR West 

95 N. Alberta RR East 

97 British Columbia RR 

98 Great Slave RR 


TOTAL DEMANDS a ITF 288 ZeU65 
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ACTUAL ALLOCATIONS: TOUGH CWRS NO. 1, 12.5% Protein (Grade 1125) 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 

O01 Winnipeg North 

03 Winnipeg South Sioul 361 

OS Winnipeg West SUZ 502 

07 Brandon North 242 242 


09 Brandon West 

11 Melville 

13 Dauphin 

15 Kamsack 

17 Saskatoon Main 

19 Saskatoon South 59 ee! 
21 Saskatoon West 

23 Saskatoon North 

Zoe Beineer Al best) East 44 44 
27 Prince Albert South 

29 Prince Albert West 

31 Saskatoon East 

33 Regina South 

35 Regina West 

37 Biggar North 

39 Biggar West 

41 Edmonton North 80 80 
43 Edmonton South 

45 Edmonton West 

47 Hanna South 

49 Hanna West 

61 Keewatin 

62 La Riviere val Tall 
63 Carberry 409 409 
64 Brandon 

71 Weyburn 

72 Pasqua 

73 Bulyea 

74 Bredenbury 

_75 Saskatoon 

76 Wilkie 

77 Assiniboia 

US SRS Wiese 89 89 
79 Outlook Se) 59 
81 Medicine Hat 

82 Brooks 

83 Lethbridge 

84 Vulcan 58 58 
85 Calgary 

86 Red Deer 

87 Edmonton oa 91 
90 N. Alberta RR West 

95 N. Alberta RR East 

97 British Columbia RR 

98 Great Slave RR 


TOTAL DEMANDS ty aa 288 2,065 


as pe Bh gies 


Dulane ee (ire ee 


. a ese * . 
* 
Saal 7 Zz 
e ; ' 
' J : 


OPTIMAL ALLOCATIONS: 


Origin Name 


01 
03 
05 
07 
09 
jel 
13 
15 
17 
19 
om 
23 
25 
27 
29 
a 
33 
35 
37 
39 
41 
43 
45 
47 
49 
61 
62 
63 
64 
71 
72 
73 
74 
HS 
76 
77 
78 
79 
81 
82 
83 
84 
85 
86 
87 
90 
95 
97 
98 


Winnipeg North 
Winnipeg South 
Winnipeg West 
Brandon North 
Brandon West 
Melville 

Dauphin 

Kamsack 

Saskatoon Main 
Saskatoon South 
Saskatoon West 
Saskatoon North 
Prince Albert East 
Prance Albert South 
Prince Albert West 
Saskatoon East 
Regina South 
Regina West 

Biggar North 
Biggar West 
Edmonton North 
Edmonton South 
Edmonton West 
Hanna South 

Hanna West 
Keewatin 

La Riviere 
Carberry 

Brandon 

Weyburn 

Pasqua 

Bulyea 

Bredenbury 
Saskatoon 

Wilkie 

Assiniboia 

Swale sOuliesemit 

Out look 

Medicine Hat 
Brooks 

Lethbridge 

Vulcan 

Calgary 

Red Deer 

Edmonton 

N. Alberta RR West 
N. Alberta RR East 
British Columbia RR 
Great Slave RR 


TOTAL DEMANDS 


TOUGH CWRS No. 3 (Grade 1300) 


(metric tonnes) 


Thunder 
Bay 


4,560 
3,286 
9,481 
6,645 
31300 
720 
29,068 
10,220 
5,814 


308 
345 
2,592 
Ae VA 
2,924 
167 
2,758 
46 


7,388 
8,019 
5,584 
3,205 

289 
1,996 
3,085 
Tyee 
De) 


Zoo 


310 
eES 


TS, 20S 


Churchill Vancouver 


BTM 


S 


- 


SS) (aly iS) ry SJ] 
1 


ae De) 
ouUWwWrF U 
NNR 


965 


109 


1,360 
1,166 
32373 
940 
201 


Die. WER 27) 2) 


Prince 
Rupert 


> 0.10 
2,164 


Jagr 
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TOTAL 
SUPPLIES 


4,560 
3,286 
9,481 
6,645 
Bevo 
720 

29,068 

10,720 
5,814 


OS 

345 
2,863 
1,434 
i ASH 

167 
2,758 


Bie 
LivlOd 


156,131 
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ACTUAL ALLOCATIONS: TOUGH CWRS NO. 3 (Grade 1300) 


(metric tonnes) 


Origin Name Thunder Churchill Vancouver Prince TOTAL 
Bay Rupert SUPPLIES 

O01 Winnipeg North 4,441 119 4,560 
03 Winnipeg South 3,256 Sisto 
O5 Winnipeg West 9,481 9,481 
O07 Brandon North 6,645 6,645 
09 Brandon West Si ye Sp Sy? 
11 Melville 0 AL) FRAP AES) 
13 Dauphin SR GOT 2a 29,068 
15 Kamsack Os FAO TOR 2:0 
17 Saskatoon Main 4,984 627 LOS) DO Le 
19 Saskatoon South 

21 Saskatoon West 323 323 
23 Saskatoon North 2k 134 345 
25 Prince Albert East eel: ele 2: 250608 
27 Prince Albert South Syl) I Sh) 134 
29 Prince Albert West Sig ON) 1,060 Gales) 
31 Saskatoon East 88 79 167 
33 Regina South Digs ANS) 42 Vb Hole 
35 Regina West 46 46 
Cer e Cate NOT th 118 146 264 
39 Biggar West bd, LOZ 349 
41 Edmonton North 319 teen INS) eos 2 SO) 
43 Edmonton South 53 651 910 1.614 
45 Edmonton West 118 962 2 hehe 
47 Hanna South 389 168 Sew) 
49 Hanna West 258) 56 287 
61 Keewatin D338 7,388 
62 La Riviere one CU 8,019 
63 Carberry 5,584 5,584 
64 Brandon © SyAGS Sie AOS) 
71 Weyburn 289 289 
72 Pasqua i Ses 53 i, O96 
73 Bulyea 35085 3,085 
74 Bredenbury 7,294 60 Fe, 314 
_75 Saskatoon Zoe Zao. 
76 Wilkie 965 965 
77 Assiniboia 223 223 
Wiss Sys (Cwhereesahe SLO 310 
79 Outlook 118 60 eS 
81 Medicine Hat 

82 Brooks 

83 Lethbridge 

84 Vulcan 593 a7 6 15 L699 
85 Calgary 

86 Red Deer 60 1.84 6 heseh®) 
87 Edmonton 453 492 221 1,266 
90 N. Alberta RR West anil Ze Oo8 324 aya oy ©) 
95 N. Alberta RR East Sys 626 940 
Ojepricisnh COLUMDLa RK Sip Day Mele) Se2or 
98 Great Slave RR 2 164 2,164 


TOTAL DEMANDS 131,108 71 17,578 7,174 156,131 
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